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ENZYMES 
TECHNICAL FIELD 

This invention relates to nucleic acid and amino acid sequences of enzymes and to the nse of 
5 these sequences in tibe diagnosis, treatment, and prevention of imniune system disorders, immune 
deficiencies, developmental disorders, eye disorders, metabolic disorders, smooth muscle disorders, 
neurological disorders, pulmonary disorders, parasitic infections, and ceU proliferative disorders 
iDcluding cancer, and in the assessment of the effects of exogenous compounds pn the espression of 
nucleic acid and amino acid sequ^ces of enzynies. 

10 

BACKGROUND OF THE INVENTION 

Qxidoreductases 

Eukaryotic cells extract energy and synthesize macromolecules by a complex series of 
oxidation-reduction reactions collectively referred to as aerobic metabolism. One consequence of 

15 aerobic metabolism is the production of free radicals in the form of superoxides (02-'') and hydroxyl 
ions (OH-). Superoxides are produced within cells by mitochondria and the endoplasmic reticulum as 
a consequence of 'leakage" of electrons onto from their correct paths in electron transfer chains. 
Hydroxyl ions are produced by ionizing radiation and by the reaction of wifli hydrogen peroxide 
(H2O2) at iron- or copper-containing sites. Free radicals, especially hydroigrl ions, are extremely 

20 reactive and can interact with almost all molecules, iucluding proteins, carbohydrates, DNA, and lipids. 
These interactions can lead to the formation of nonradical hydroperoxides, such as phospholipid 
hydroperoxides. Interaction of hydroxyl ions with DNA may be a significant contributor to the age- 
dependent development of cancer. Cells also use jfree radicals and their derivatives m beneficial 
ways, such as cytochrome P450-mediated oxidations, regulation of smooth muscle tone, and killing of 

25 microorganisms by macrophages and granulocytes (Bast, A. et al. (1991) Am. J. Med. 91(3C):2S- 
13S). 

Defects in enzymes involved in oxidation and reduction reactions in cells (oxidoreductases) 
lead to inibalances in the oxidation potential within ceEs, fi:equentiy with clinical manifestations. For 
example, an excess of superoxide dismutase (SOD), an enzyme that detoxifies superoxide compounds, 
30 may be relevant to the clinical condition known as Down's Syndrome. Low antioxidant levels or high 
O2 ~ and H2O2 Isvels produce oxidative stress. Oxidative stress induced by phagocytes at sites of 
chronic inflammation lead to rheumatoid arthritis in the joints and inflammatory bowel diseases in the 
intestine. Asthma is also a manifestation of an inflammatory reaction in the lung and is related to 
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oxygen free radical formation (Sies, H. (199 1) Am. J. Med. 91 (3C):3 lS-3 8S). 

Proteins involved in oxidation and reduction also have specific functions in syntiiesis, catalysis, 
salvage, and detoxification within cells. Defects in these enzymes are likely to lead to the 
accumulation of toxic precursor molecules within cells or the failure to synthesize compounds critical 
5 for cell viability (see examples, below). In addition to their activities on naturally occurring substrates, . . 
oxidoreductases are also closely associated with drug metabolism and pharmacokinetics. Inherited 
differences in drag metabolism lead to drastically different levels of drug efficacy and toxicity among 
individuals. For drugs with narrow therapeutic indices, or drugs which require bioactivation (such as 
codeine), these polymorphisms can be critical. Moreover, promising new drugs are firequenfly 

10 elhninated in clinical trials based on toxicities which may only affect a segment of the patient group. 
Advances in pharmacogenomics research, of which drug metabolizing enzymes constitute an 
important part, are promising to expand the tools and information that can be brougjht to bear on 
questions of drug efficacy and toxicity (Evans, W-E. and RV. Relling (1999) Science 286:487-491). 
The properties of selected oxidoreductases (i.e., glutathione peroxidases, glutathione S- 

15 transferase, ghitaredoxin, peroxisomal P-oxidation enzymes, protein disulfide isomerases, Ihioredoxins, 
aldo/keto reductases, aldehyde dehydrogenases, alcohol dehydrogenases, acyl-CoA dehydrogenase, 6- 
phosphogluconate dehydrogenase, ribonucleotide diphosphate reducteise, dihydrodiol dehydrogenase, 
15-oxoprostaglandin 13-reductase, 15-hydrpxyprostaglandin dehydrogenase, glucojse-methanol-choline 
oxidoreductases, and other secreted redox proteins) associated with acquired and inherited genetic 

20 diseases and drag metabolism, are described, below. 
Glutathione -peroxidases 

The family of glutathione peroxidases encompass three tetrameric glutathione peroxidases 
(GPxl-3) and the monomeric phospholipid hydroperoxide glutathione peroxidase (PHGPx/GPx4). 
Although the overall homology between tetrameric enz3mes and GPx4 is less than 30%, a pronounced 

25 siroilarity has been detected in clusters involved in the active site and a common catalytic triad has 
been defined by structural and kinetic data (Epp, O. et al. (1983) Eur. J. Biociiem. 133:51-69). The 
family members show different tissue distributions. GPxl is ubiquitously expressed in cells, whereas 
GPx2 is present in the liver and colon, and GPx3 is present in plasma. GPx4 is found at low levels in 
an tissues but is expressed at high level in the testis. These tissue localization patterns may be 

30 important for regulating the level and targets of glutathione peroxidase activity (Ursini, F. et al (1995) 
Meth. Enzymol. 252:38-53). 

GPx4 is unique in both its structure and activity. GPx4 is the only monomeric g^tathione 
peroxidase found in mammals. It is also the only mammalian ghitatbione peroxidase to show high 
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afGBity for and reactivity with phospholipid hydroperoxides, and to be raembrane associated. The 
inhibition of lipid peroxidation by GPx4 requires jglutathione and physiological levels of vitamin E, 
suggesting a tandena mechaoism for .the antioxidant activities of GPx4 and vitamin E. GPx4 also has 
alternative transcriptioxi and translation start sites which determine its subcellular localization 
5 (Esworthy, R.S. et al. (1994) Gene 144:317-318; and Maioiino, M. et aL (1990) MetL EnzymoL 
186:448-450). 

Glutathione S-transferases (GST) 

The glutathione S-transferases (GST) are a ubiquitous family of enzymes with dual substrate 
specificities that perform important biochemical functions of xenobiotic biotransformation and 

10 detoxification, drug metabolism, and protection of tissues against peroxidative damage. The basic 
reaction catalyzed by these enzymes is the conjugation of an electrophile with reduced glutathione 
(GSH) and results in either activation or deactivation/detoxification of the chemical. Hie absolute 
requirement for binding reduced GSH to a wide variety of chemicals necessitates a diversity in GST 
structures in various organisms and cell types. 

IS GSTs are homodimeric or beterodimeidc proteins localized m the cell cytosoL The major 

isoTymcs share cormnon structural and catalytic properties and, many have been classified into four 
major classes. Alpha, Mu, Fi, and Theta. The two largest classes. Alpha and Mu, are identified by 
their respective isoelectric points; pi - 7.5-9.0 (Alpha), and pi - 6.6 (Mu). Each GST possesses a . 
common binding site for GSH and a variable hydrophobic binding site. The hydrophobic binding site in 

20 each isozyme is specific for particular electrophilic substrates. Specific amino acid residues within 
GSTs have been identified as important for these binding sites and for catalytic activity. Residues 
Q67, T68, DlOl, E104, and R131 are important for flie binding of GSH CLee, H.-C. et aL (1995) J. 
BioL Chem. 270:99-109). Residues R13, R20, and R69 are important for the catalytic activity of GST 
(Stenberg, G. et aL (1991) Biodiem. J. 274:549-555). 

25 While GSTs normally perform the essential iunction of deactivation and detoxification of 

potentially mutagenic and carcinogenic chemicals, dysfunction or inappropriate expression of GSTs are 
detrimentaL Some forms of rat and human GSTs are reHable preneoplastic markers of 
carcinogenesis. Expression of human GSTs in bacterial strains, such as Salmonella tvphimurium , used 
in the well known Ames test for mutagenicity, has helped to establish the role of these enzymes iu 

30 mutagenesis. Dihalomethanes, which produce liver tumors in mice, are believed to be activated by 
GST. This view is supported by the finding that dihalomethanes are more mutagenic in transformed 
bacterial cells expressing human GST than in non-transformed cells (Tbier, R. et aL (1993) Proc. Natl. 
Acad. ScL USA 90:8567-8580). The mutageiiicity of ethylene dibromide and ethylene dicMoride is 
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increased in bacterial cells e^q^ressing fhelmmaii Alpha GST, Al-1, while the mutagenicity of aflatoxin 
Bl is substantially reduced by eiihancing fhe expression of GST (Simula, T.P. et aL (1993) 
Carcinogenesis 14:1371-1376). Thus, control of GST activity may be useful in the control of 
mutagenesis and cardnogehesis, 

5 GST has been implicated in the acquired resistance of many cancers to drug treatment, the 

phenomenon kaown as multi-drug resistance (MDR). MDR occurs when a cancer patient is treated 
with a cytotoxic drug such as cyclophosphamide and subsequently becomes resistant to this drug and 
to a variety of other cytotoxic agents as well. Increased GST levels are associated with some of 
these drug resistant cancers, and it is believed that this increase occurs in response to the drug agent 

10 which is then deactivated by the GST catalyzed GSH conjugation reaction. The increased GST levels 
then protect the cancer cells from other cytotoxic agents for which GST has affinity. Increased levels 
of Al-1 in tumors has been liiiked to drug resistance induced by cyclophosphamide treatment (Dirven, 
HLA. et al. (1994) Cancer Res. 54:6215-6220). Thus control of GST activity in cancerous tissues 
may be useful in treating MDR in cancer patients. 

15 Glutaredoxin 

The reduction of ribonucleotides to the corresponding deoxyribonucleotides, needed for DNA 
synthesis during cell proliferation, is catalyzed by the enzyme ribonucleotide diphosphate reductase. 
Giutaiedoxm is a glutathione (GSHO-dependent hydrogen donor for ribonucleotide diphosphate 
reductase and contains fhe active site consensus sequence -C-^P-Y-C-. This sequence is conserved in 

20 ghataredoxins from such different organisms as E. coli , vaccinia virus, yeast, plants, and mammalian 
cells. Ghitaredoxin has inherent GSH-disulfide oxidoreductase (fhioltransferase) activity in a coupled 
system with GSH, NADPH, and GSH-reductase, catalyzing the reduction of low molecular weight 
disulfides as well as proteins. Glutaredoxin has been proposed to exert a general tiiiol redox control of 
protein activity by acting both as an effective protein disulfide reductase, similar to thioredoxin, and as 

25 a specific GSH-mixed disulfide reductase (Padilla, C.A. et al. (1996) FEES Lett 378:69-73). 

In addition to their important role in DNA synthesis and cell division, glutaredoxin and other 
thioproteins provide effective antioxidant defense against oxygen radicals and hydrogen peroxide 
(Sdiallreuter, K.U. and J.M. Wood (1991) Melanoma Res. 1:159-167). Glutaredoxm is the principal 
agent responsible for protein dethiolation in vivo and reduces dehydroascorbic acid in nprmal human 

30 neutrophils (Jung, C.H. and J.A. Thomas (1996) Arch. Biochem. Biophys. 335:61-72; Park, J.B. and 
M. Levine (1996) Biochem. J. 315:931-938). 
Secreted redox proteins 

Redox polypeptides are also released into the extracellular environment and may have similar 
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or distinct functions compared to their intracellular homologues. Several cj^okines or secreted 
cytokine-like factors such as adult T-cell leukemia-derived factor, 3B6-interleuldn-l, T-hybridoma- 
derived (MP~6) B cell stimulatory factor, and early pregaancy factor have been reported to be 
identical to thioredoxin (Holmgren, A. (1985) Annu. Rev. Biochem. 54:237-271; Abate, C. et al. 
5 (1990) Science 249:1 157-1161; Tagaya, Y. et al. (1989) EMBO J. 8:757-764; Wakasugi, R (1987) 
Proc. Natl. Acad. Sci. USA 84:804-808; Rosen, A. et al. (1995) Int Immunol. 7:625-633). Thus 
thioredoxin secreted by stimulated lymphocytes (Yodoi, J: and T. Tursz (1991) Adv. Cancer Res. 
57:381-411; Tagaya, N. et al. (1990) Proc. Natl. Acad. Sci. USA 87:8282-8286) has extracellular 
activities including a role as a regulator of cell growth and a mediator ia the immune system (Miranda- 
10 Vizuete, A. et al. (1996) J. Biol Chem. 271:19099-19103; Yamauchi, A. et aL (1992) MoL Immunol 
29:263-270). 

The selenoprotein thioredoxin reductase is secreted by both normal and neoplastic cells and 
has been implicated as both a growth factor and as a polypeptide involved in apoptosis (Soderberg, A. 
et al (2000) Cancer Res. 60:2281-2289). An extracellular plasnom reductase secreted by hamster 

15 ovary cells (Jbl'l'-1080) has been show to participate in the generation of angiostatin from plasmin. In 
this case, the reduction of the plasmin disulfide bonds triggers the proteolytic cleavage of plasruin 
which yields the angiogenesis itihibitor, angiostatin (Stathakis, P. et al (1997) J. Biol Oiem. 
272:20641-20645). Low levels of reduced sulfhydtyl groups in plasma has been associated with 
rheumatoid arthritis. The failure of these sulfhydryl groups to scavenge active oxygen species (e.g., 

20 hydrogen peroxide produced by activated neutrophils) results in oxidative damage to surrounding 
tissues and the resulting inflammation (Hall, N.D. et al (1994) Rheumatol Int. 4:35-38). 
Protein disulfide isomerases, tbioredoxins. and glutaredoxins 

Cells contain a numb^ of specialized molecules that assist in the formation of protein 
secondary and tertiary structure by orchestrating the formation of disulfide bonds. Although 

25 incubation of reduced, unfolded proteins in buffers with defined ratios of oxidized and reduced thiols 
can lead to native conformation, the rate of folding is slow and the attainment of native conformation 
decreases proportionately to the size and number of cysteines in the protein. Certain cellular 
compartments such as the endoplasmic reticulum of eukaiyotes and the periplasmic space of 
prokaryotes are maintained in a more oxidized state than the surrounding cytosol Correct disulfide 

30 formation can occur in these compartments but at a rate that is insufficient for normal cell processes . 
and not adequate for S3aithesiziQg secreted proteins. Ihe protein disulfide isomerases, thioredoxins 
and glutaredoxins are able to catalyze the formation of disulfide bonds and regulate the redox 
environment in cells to enable the necessary thioldisulfide exchanges (Loferer, H. (1995) J. Biol 
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Chem. 270:26178-26183). 

Each of fhese proteins have somewhat different functions but aH belong to a group of 
disulfide-containing redox proteins that contain a conserved active-site sequence and are ubiquitously 
distributed in eukaryotes and prokaryotes. Protein disulfide isomerases are found in flie endoplasmic 
5 reticulum of eukaryotes and in the periplasmic space of prokaryotes. They function by exchanging 
their own disulfide for a thiol in a folding peptide chain. In contrast, the reduced thioredoxins and 
gjutaredoxins are generally found in the cytoplasm and function by directly reducing disulfides in the 
substrate proteins. 

These catalytic molecules not only faciKtate disulfide formation but also regulate and 

10 participate in a wide variety of physiological processes. The tbioredoxin system serves, for example, 
as a hydrogen donor for ribonucleotide reductase and as a regulator of enzjones by redox controL It 
also modulates the activity of transcription factors such as NF-kB, AP-1, and steroid receptoi:s. 
Aldo/keto reductases 

Aldo/keto reductases are monomeric NADPH-dependent oxidoreductases with broad 

15 substrate specificities (Bohren, K.M. et aL (1989) J. Biol Chem. 264:9547-9551). These enzymes 
catalyze the reduction of carbonyl-containing compounds, including carbonyl-containing sugars and 
aromatic compounds, to the corresponding alcohols. Therefore, a variety of carbonyl-contaioing drugs 
and xenobiotics are likely metabolized by enzymes of this class^ 

One kaown reaction catalyzed by a family member, aldose reductase, is the redaction of 

20 gilucose to sorbitol, which is then further metabolized to fructose by sorbitol dehydrogenase. Under 
normal conditions, the reduction of glucose to sorbitol is a minor pathway. In hyperglycemic states, 
however, the accumulation of sorbitol is implicated in the development of diabetic complications 
(OMIM *10388O Aldo-keto reductase family 1, member Bl). Members of this enzyme family are 
also highly expressed in some liver cancers (Cao, D. et al. (1998) J. BioL Chem. 273:11429-11435). 

25 Aldehyde dehydrogenases 

Aldehyde dehydrogenases catalyze the oxidation of aliphatic and aromatic aldehydes. The 
enzymes are present in most life forms. Representative enzymes include: (i) succinate-semialdehyde 
dehydrogenase, a NADP^-dependent enzyme in E. coli that reduces succinate semialdehyde to 
succinate, (ii) betaine-aldehyde dehydrogenase, an enzyme present in plants and bacteria that is 

30 involved in the biosythesis of betaine, a quaternary ammonium compound accumulated in response to 
dry conditions, (iii) delta-l-pyrroline-5-carboxylate dehydrogenase, an enzyme present in yeast that 
converts proline to glutamate, (iv) methyhnalonate-semialdehyde dehydrogenase, an enzyme present in 
numerous species, from bacteria to mammals, that is involved in valine catabolism, and (v) 
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foimyltetrahydrofolate dehydrogenase, a cytosolic enzyme in mammals responsible for the NADP*- 
dependent decarboxylative redaction of lO-formyltetraihydrofolate to tetrahydrofolate and COj as well 
as the NADP*-independent hydrolysis of lO-formyltetrahydrofolate to tetrahydrofolate and formate. 
The amino'terminal domain of rat liver lO-Foimyltetrahydrofolate dehydrogenase (residues 1-203) is 
5 24-30% identical to a group of glycinamide ribonucleotide transformylases (EC 2. 1.2. 1). The active 
site of these enzymes comprises a glutamic acid and a cysteine residue that are conserved ia all 
enzymes of die family (Weretihiyk, E.A. and A.D. Hanson (1990) Proc. Natl. Acad. Sci. USA 
87:2745-2749; Cook, R.J. et al. (1991) J. Biol. Chem. 266:4965-4973; Steele, MX et al. (1992) J. Biol. 
Chem. 267:13585-13592; and Knipenko, S.A. et al. (1995) 270:519-522). 

10 Defects in members of the aldehyde dehydrogenase gene family have been linked directly to 

human diseases. For example, a defect in aldehyde dehydrogenase 10 (fatty aldehyde 
dehydrogenase) results in the autosomal recessive neurocutaneous disorder, Sjoegren-Larsson 
syndrome (SLS), Tins disease is characterized by severe mental retardation, spastic di or tetra-plegia 
and congenital ichthyosis (increased keratinization) which is usually evident at birth. Afflicted 

15 individusds may also present with white spots on ftie retina, seizures, short stature and speech defects 
(De LauroDzi, V. et aL (1996) Nat. Genet 12:52-57). A defect in aldehyde dehydrogenase 4 
(glutamate gamma-semialdehyde dehydrogenase; pyrroline-5-carboxylate dehydrogenase) results in 
hyperproliuCToia, type n, an autosomal recessive disorder characterized by accxmiulation of plasma 
proline (10-15-fold excess). The clinical phenotype of this disorder varies from asymptomatic to 

20 neurological manifestations, including seizures and mental retardation (Hxky C.A. et al. (1996) J. BioL 
Chem. 271:9795-9800). 

In addition, the mitochondiial eu^me aldehyde dehydrogenase 2 catalyzes the second step in 
ethanol utilization: 

Step 1: ethanol + NAD* acetaldehyde + NADH (alcohol dehydrogenase) : 
25 Step 2: acetaldehyde + NAD* acetic acid + NADH (aldehyde dehydrogenase) 

Defects in aldehyde dehydrogenase result in acute alcohol iatoxication. This genetic defect is very 
coromon in South-east Asians and South American Indians, while less common in Caucasians. The 
inactive variant allele encodes a single amino acid exchange (Hsu, L.C. et al. (1988) Genomics 
2:57-65). 
30 Alcohol dehvdrogenases 

Alcohol dehydrogenases (ADHs) oxidize sicnple alcohols to the corresponding aldehydes. 
ADH is a cytosolic enzyme, prefers the cofactor NAD"^, and also binds zinc ioiL Liver contains the 
highest levels of ADH, with lower levels in kidney, lung, and the gastric mucosa. 
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Known ADH isoforms are duneric proteins composed of 40 kDa snbunits. There are five 
known gene loci which encode these subunits (a, b, g, p, c), and some of the loci have characterized 
allelic variants (bj, bg, bg, gj, gj). The snbnnits can form homodimers and beterodimers; the subnnit 
composition determines the specific properties of the active enzyme. The holoenzymes have therefore 

5 been categorized as Class I (subnnit compositions aa, ab, ag, bg, gg), Class 11 (pp), and Class HI (cc). 
Class I ADH isozymes oxidize ethanol and other small aliphatic alcohols, and are inhibited by pyrazole. 
Class n isozymes prefer longer chain aliphatic and aromatic alcohols, are imable to oxidize methanol, 
and are not inhibited by pyrazole. Class JR isozymes prefer even longer chain aliphatic alcohols (five 
carbons and longer) and aromatic alcohols, and are not inhibited by pyrazole. 

10 Peroxisomal p-oxidation enzymes 

Another example of the importance of redox reactions in cell metabolism is the degradation of 
saturated and unsaturated fatty acids by mitochondrial and peroxisomal beta-oxidation enzymes which 
sequentially remove two-carbon units firom Coenzyme A (CoA)-activated fatty acids. The main beta- 
oxidation pathway degrades both saturated and unsaturated fatty acids while the auxiiiary pafliway 

15 performs additional steps required for the degradation of unsaturated fatty acids. 

The pathways of mitchbndrial and peroxisomal beta-oxidation use similar en:pymes, but have 
different substrate specificities and ftmctions. Mitochondria oxidize short-, medium-, and long-chain 
fatty acids to produce energy for cells. Mitocihondrialbeta-oxidation is a major energy source for 
cardiac and skeletal muscle. In liver, it provides ketone bodies to the peripheral circulation when 

20 glucose levels are low as in starvation, endurance exercise, and diabetes (Eaton, S. et al. (1996) 
Biochem. J. 320:345-357). Peroxisomes oxidize medium-, long-, and very-long-chain fatty acids, 
dicarboxylic fatty acids, branched fatty acids, prostaglandins, xenobiotics, and bUe acid intermediates. 
The chief roles of peroxisomal beta-oxidation are to shorten toxic lipophilic carboxylic acids to 
facilitate their excretion and to shorten very-long-chain fatty acids prior to mitochondrial beta-oxidation 

25 (Mannaerts, G.P. and P.P. Van Veldhoven (1993) Biochimie 75:147-158). 

The auxiliary beta-oxidation enzyme 2,4-dienoyl-CoA reductase catalyzes the following 
reaction: 

trans-2, cis/trans-4-dienoyl-CoA + NADPH + H*^ — > trans-3-enoyl-CoA + NADP* 
This reaction removes even-numbered double bonds from unsaturated fatty acids prior to their entry 
30 into the main beta-oxidation pathway (Koivuranta, K.T. et al. (1994) Biochem. J. 304:787-792). Ihe 
enzyme may also remove odd^numbered double bonds from unsaturated fatty acids (Smeland, T.E. et 
al. (1992) Proc. NatL Acad. Sci. USA 89:6673-6677). 

Rat 2,4-dienoyl-CoA reductase is located in both mitochondria and peroxisomes (Dpmmes^ 
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V. et aL (1981) J. Biol Chem. 256:8259-8262). Two immonologicany different forms of rat 
mitodhondiial eiizyme exist wifh molecular masses of 60 kDa and 120 kDa (Haldcola, E.H. and J.EL 
BBItunen (1993) Eur. J. Biochem. 215:199-204). The 120 kDa mitochondrial rat enzyme is synthesized 
as a 335 amino acid precursor with a 29 amino acid N-terminal leader peptide which is cleaved to 
5 form the mature enzyme (EQrose, A. et al- (1990) Biochim. Biophys. Acta 1049:346-349). A human 
mitochondrial enzyme 83% similar to rat enzyme is sj^thesized as a 335 amino acid residne precursor 
with a 19 amino acid N-terminal leader peptide (Koivuranta, snpraV These cloned human and rat 
rpitochondrial enzymes function as homotetramers CKoivuranta, supra) . A Saccharomvces cerevisiae 
peroxisomal 2, 4-dienoyl-Co A reductase is 295 amino acids long, contains a C-temainal peroxisomal 

10 targeting signal, and functions as a homodimer (Coe, J.G.S. et al. (1994) MoL Gen. Genet 244:661- 
672; and Gurvitz, A. et al (1997) J. Biol. Chem. 272:22140-22147). All 2,4-dienoyl-CoA reductases 
have a fairly well conserved NADPH binding site motif of sequence (Koivuranta, supra). 

The main pathway beta-oxidation enzyme enoyl-CoA hydratase catalyzes &e following 
reaction: 2-trans-eiioyl-CoA + HjO < — ^> 3-hydroxyacyl-CoA This reaction hydrates the double 

IS bond between C-2 and C-3 of 2-trans-enoyl-CoA, which is generated from saturated and imsaturated 
fatty acids (Eugel, QK. et aL (1996) EMBO J. 15:5135-5145). This step is downstream from the step 
catalyzed by 2,4-dienoyl-reductase. Different enoyl-CoA hydratases act on short-, mediurd-, and long- 
chain fatty acids (Eaton, supra) . Mitocliondnal and peroxisomsdenoyl-Co A hydratases occ^ 
mono-functional enzymes and as part of muld.-functional enzyme complexes. Human liver ' 

20 mitochondrial short-chain enoyl-CoA hydratase is synthesized as a 290 amino acid precursor with a 29 
amiuo acid N-terminal leader peptide (Kanazawa, M. et aL (1993) Rizyme Protein 47 :9-13; and 
Janssen, U. et ai (1997) Genomics 40:470-475). Rat short-chain enoyl-CoA hydratase is 87% 
identical to the human sequence ru the mature region of the protdn and functions as a homohexamer 
(Kanazawa, supra : and Engel, supra) . A mitochondrial trifunctional protein existe that has long-chain 

25 enoyl-CoA hydratase, 3-hydroxyacyl-CoA dehydrogenase, and long-chain 3-oxothiolase activities 
(Eaton, supra) . In human peroxisomes, enoyl-CoA hydratase activity is found in both a 327 amino 
acid residue mono-functional enzyme and as part of a multi-functional enzyme, also known as 
bifunctional enzyme, which possesses enoyl-CoA hydratase, enoyl-CoA isomerase, and 3- 
hydroxyacyl-CoA hydrogenase activities (FitzPatrick, D.R. et al. (1995) Genomics 27:457-466; and 

30 Hoefler, G. et aL (1994) Genomics 19:60-67). A 339 amino acid residue human protein with short- 
chaiu enoyl-Co A hydratase activity also acts as an AU-specific RNA blading protein (Nakagawa, J. 
et aL (1995) Proc. Natl. Acad. Sci. USA 92:2051-2055). All enoyl-CoA hydratases share homology 
near two active site glutamic acid residues, with 17 amino acid residues highly conserved (Wu, W.-J. 
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et aL (1997) Biochemistry 36:221 1-2220). 

Inherited deficiencies in mitochondrial and peroxisomal beta-oxidation enzymes are associated 
with severe diseases, some of which manifest themselves soon after birth and lead to death within a 
few years. Mitochondrial beta-oxidation associated deficiencies include, e.g., carnitine palmitoyl 

5 transferase and carnitine deficiency, very-long-chain acyl-CoA dehydrogenase deficiency, medium- 
chain acyl-CoA dehydrogenase deficiency, short-chaiD acyl-CoA dehydrogenase deficiency, electron 
transport flavoprotein and electron transport flavoproteinrubiquinone oxidoreductase deficiency, 
trifunctional protein deficiency, and short-chain 3-hydroxyacyl-CoA dehydrogenase deficiency (Eaton, 
supra\ Mitochondrial trifunctional protein (including enoyl-CoA hydratase) deficient patients have 

10 reduced long-chain enoyl-CoA hydratase activities and suffer fi-om non-ketotic h3^oglycemia, sudden 
infant death sjmdrome, cardiomyopathy, hepatic dysfunction, and muscle weakness, and may die at an 
early age (Eaton, supraX A patient with a deficiency in nciitochondrial 2,4-dienoyl-CoA reductase was 
hj^tonic soon after birdi, had feeding difficulties, and died at four months from respiratory acidosis 
(Roe, CR et aL (1990) J. Orn. Invest 85:1703-1707). 

15 Defects in imtochondrial beta-oxidation are associated with Reye's syndrome, a disease 

characterized by hepatic dysfunction and encephalopathy that sometimes follows viral infection in 
childreiL Reye's syndrome patients may have elevated serum levels of free fatty acids (Cotran, R.S. 
et aL (1994) Rbbbins Pathologic Basis of Disease ^ W-B. Saunders Co., Philadelphia PA, p.866), 
Patients with mitochondrial short-chain 3-hydroxyacyl-CoA dehydrogenase defidency and medium- 

20 chain 3-hydroxyacyl-CoA dehydrogenase deficiency also exhibit Reye-like illnesses (Eaton, supra ; 
and Egidio, R.J. et al. (1989) Am. Fam. Physician 39:221-226). 

Inherited conditions associated with peroxisomal beta-oxidation include Zellweger syndrome, 
neonatal adrenoleukodystrophy, infantile Refsum's disease, acyl-CoA oxidase deficiency, peroxisomal 
thiolase deficiency, and bifunctional protein deficiency (Suzuki, Y. et al (1994) Am. J. Hum. Genet. 

25 54:36-43 ; Hoefler, supraV Patients with peroxisomal bifunctional enzyme deficiency, iacluding that of 
enoyl-CoA hydratase, suffer from hypotonia, seizures, psychomotor defects, and defective neuronal 
migration; accumulate very-long-chain fatty acids; and typically die within a few years of birth 
(Watkins, P.A. et al. (1989) J. Clin. Invest 83:771-777). 

Peroxisomal beta-oxidation is impaired in cancerous tissue. Although neoplastic human breast 

30 epithelial cells have the same number of peroxisomes as do normal cells, fatty acyl-CoA oxidase 
activity is lower than in control tissue (el Bouhtoury, F. et al. (1992) J. PathoL 166:27-35). Human 
colon carcinomas have fewer peroxisomes than normal colon tissue and have lower fatty-acyl-CoA 
oxidase and bifunctional enzyme (including enoyl-CoA hydratase) activities than normal tissue (Cable, 
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S. et al. (1992) Virchows Arch. B CeD PafhoL IncL Mol. PathoL 62:221-226). 
Acvl-CoA dehydrogenases 

The acyl-CoA dehydrogenase, family comprises at least seven members of which four are 
involved in beta-oxidation of fatty acids (see above). Very long chain fatty acids, dicarboxylic fatty 
5 acids, some prostanoids, pristanic acid, bile acid intermediates, and xenobiotic compounds are 

degraded by beta-oxidation in mammalian peroxisomes (Van Veldhoven, P.P. et al. (1999) Adv. Exp. 
Med. Biol. 466:261-272). For example, very long chain acyl-CoA dehydrogenase (VLCAD), a 
homodimer of a 70-kDa mitochondrial membrane-associated protein (Souri, M. et aL (1998) FEBS 
Lett. 426:187-190), catalyzes the initial flavin-dependent oxidation of acyl-Co A fatty acids in the 
10 mitochondria. In the process, electrons are transferred to an electron-transferring flavoproteiu. 
Patients with VLCAD deficiency present with early onset cardiomyopathy that results in a high 
incidence of hypoketotic hypoglycemia and infant death. These conditions may result from the failure 
to egress VLCAD or the expression of mutated forms of VLCAD. In at least one case, a nucleotide 
change in the gene for VLCAD resulted in the incorrect splicing of the mRNA and the synthesis of a 
15 defective protein (Watanabe, HL et aL (2000) Hum. Mutat 15:430-438). Mutations in«ons 10 and 12 
that result in amino acid substitutions or nonsense mutations have also been reported (He, G. et al. 
(1999) Biochem. Biophys. Res. Conomun. 264:483-487). A lethal genetic illness has also been 
associated with a siugle amino acid substitution in a medium-chain acyl-CoA dehydrogenase (Yang, 
B.Z. (2000) MoL Genet. Metab. 69:259-262). 
20 The remaining three enzymes of the acyl-CoA dehydrogenase family are involved in the 

catabolism of amino acids (i.e., isovaleryl-CoA dehydrogenase, short/branched chain acyl-Ck>A 
dehydrogenase, and ghitaryl-CoA dehydrogenase). Isovaleryl-CoA dehydrogenase (IVD), for 
example, catalyzes the conversion of isovaleiyl-CoA to mefliylcrotonyl-CoA in the leucine catabolic 
pathway. IVD is a homotetiramer of 175 kDa that contains one FAD prosflietic group per subunit 
25 The subunits are synthesized with a 2 kDa N-terminal leader sequence that is proteolytically 

processed to yield die mature polypeptide. The gene encoding IVD maps to human chromosome 15 
and spans 15 kilobases, consisting of 12 exons and 1 1 introns. Five different classes of mutations have 
been identified in cell lines from patients with isovaleric acidemia, a disease caused by a deficiency of 
IVD (Volchenboum, S.L. and J. Vocldey (2000) J. BioL C3iem. 275:7958-7963 and Reinard, T. et al. 
30 (2000) J. BioL Chem. 275:33738-33743). 
6-phospho gluconate dehydrogenase 

6-phosphogluconate dehydrogenase (6-PGDH) catalyses the NADP*-dependent oxidative 
decarboxylation of 6-phosphogluconate to ribulose 5-phosphate with the production of NADPH. The 
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absence or inhibition of 6-PGDH results in the accumulation of 6-phosphogIuconate to toxic levels in 
eukaryotic cells. 6-PGDH is the third enzyme of the pentose phosphate pathway (PPP) and is 
ubiquitous in nature. In some heterofermentatative species, NAD+ is used as a cofactor with the 
subsequent production of NADBL 
5 The reaction proceeds through a 3-keto intermediate which is decarhoxylated to give the enol 

of ribulose 5-phosphate, then converted to theketo product following tautomerization of the enol 
(Berdis A.L and P.p. Cook (1993) Biocbemistry 32:2041-2046). 6-PGDH activity is regulated by the 
inhibitory effect of NADPH, and the activating effect of 6-phosphogluconate (Rippa, M. et al. (1998) 
Biochim. Biophys. Acta 1429:83-92). Deficiencies in 6-PGDH activity have been linked to chronic 

10 hemolytic anemia. 

The targeting of specific fomis of 6-PGDH (e.g. , enzymes found in trypanosomes) has been 
suggested as a means for controlling parasitic infections (Tetaud, E. et al. (1999) Biochem. J. 
338:55-60). For example, the T. brucei enzyme is markedly niore sensitive to iiibibition by the 
substrate analogue 6-phospho-2-deoxygluconate and the coenzyme analogue adenosine 

15 2',5 -bisphosphate, compared to the mammalian enzyme (Hanau, S. et al. (1996) Eur. J. Biochem. 
240:592-599). 

Ribonucleotide diphosphate reductase 

^ Ribonucleotide diphosphate reductase catalyzes the reduction of ribonucleotide diphosphates 
(i.e., ADP, GDP, CDP, and UDP) to their corresponding deoryribonucleotide diphosphates (i.e., 

20 dADP, dGDP, dCDJP, and dUDP) which are used for the synthesis of DNA. Ribonucleotide 

diphosphate reductase thereby performs a crucial role in the de novo synthesis of deoxynucleotide 
precursors. Deoxynucleotides are also produced from deoxynucleosides by nucleoside kinases via the 
salvage pathway. • ~ 

Mammalian ribonucleotide diphosphate reductase comprises two components, an effector- 

25 bindiag component (E) and a non-heme iron component (F). Component E binds the nucleoside 
triphosphate effectors while component F contains the iron radical necessary for catalysis. Molecular 
weight determinations of the E and F components, as well as the holoenz3ane, vary according to the 
methods used in purification of the proteins and the particular laboratory. Component E is 
approximately 90-100 kDa, component F is approximately 100-120 kDa, and the holoenzyme is 200- 

30 250 kDa. 

Ribonucleotide diphosphate reductase activity is adversely effected by iron chelators, such as 
tbiosemicarbazones, as well as EDTA. Deoxyribonucleotide diphosphates also appear to be negative 
allosteric effectors of ribonucleotide diphosphate reductase. Nucleotide triphosphates (both ribo- and 
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deoxyribo-) apjiear to stiimilate the activity of the enzyme. 3-inethyl-4-mtrophenol, a metabolite of 
widely used organophosphate pesticides, is a poteat iohibitor of ribonucleotide diphosphate reductase in 
mammalian cells. Some e^dence suggests that ribonucleotide diphosphate reductase activity in DNA 
"virus (e.g., herpes viras) -infected cells and in cancer ceDs is less sensitive to regulation by aHosteric 
5 regulators and a correlation exists between high ribonucleotide diphosphate reductase activity levels 
and high rates of cell proliferation (e.g., in hepatomas). This observation suggests that virus-encoded 
ribonucleotide diphosphate reductases, and those present in cancer cells, are capable of maintaining an 
increased supply deoxyribonucleotide pool for the production of virus genomes or for the increased 
DNA synthesis which characterizes cancers cells. Ribonucleotide diphosphate reductase is thus a 
10 target for therapeutic intervention (Nutter, L.M. and Y.-C. Cheng (1984) Phaimac. Ther. 26:191-207; 
and Wright, J.A. (1983) Phannac. Ther. 22:81-102). 

Dihvdrodiol dehydrogenase 

Dihydrodiol dehydrogenases (DD) are monomeric, NAD(P)+-dependent, 34-37 kDa enzymes 

15 responsible for the detoxification trafis-dShydiodiol and an^i-diol epoxide metabolites of polycyclic 
aromatic hydrocarbons (PAH) such as benzo[fl]yrene, benz[a]anthracene, 7-methyl- 
benz[a]anan:acene, 7,12-dimethyl-benz[a3anthracene, chrysene, and 5-meihyl-chiysene. In 
mammalian cells, an environmental PAH toxin such as beiizo[^]3TOne is initially epoxidated by a 
microsomal cytochrome P450 to yield 71?,8U-arene-oxide and subsequently (-)-7JR,82?-dihydrodiol ((-)- 

20 /ra7iy-7,8-dihydro^.7,8-dihydrobenzo[a]pyrene or (-)-^rOTj-B[a]P-diol) This latter compound is 

further transformed to the o^i^z-diol ^oxide of beBZo[a]pyrene (i.e., (±)-anti-7^,8a-djhydroxy-9a,10a- 
epo3q^-7,8^,10-tetrahydroben2o[a]pyrene), by the same enzyme of a different enzyme, depending on 
the species. This resulting anti-diol epoxide of benzo[fl]yrene, or the corresponding derivative from 
another PAH compound, is highly mutagenic. 

25 DD efficiently oxidizes the precursor of the anri-diol epoxide (i.e., rra/i^-dihydrodiol) to 

transient catechols which auto-oxidize to quinones, also producing hydrogen peroxide and semiquinone 
radicals. This reaction prevents the formation of the highly carcinogenic anti-diol. An^z-diols are not 
themselves substrates for DD yet the addition of DD to a sample comprising an an/z-diol compound 
results in a significant decrease in the induced mutation rate observed in the Ames test In this 

30 instance, DD is able to bind to and sequester the aiiti-diol, even though it is not oxidized. Whether 
through oxidation or sequestration, DD plays an important role in the detoxification of naetabolites of 
xenobiotic polycyclic compounds (Penning, T.M. (1993) Clhemico-Biological Interactions 89:1-34). 
15-oxoprostaglandin 13-reductase 
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15-oxoprostaglandm 13-reductase (PGR) and IS-hydroxyprostaglaiidin dehydrogenase (15- 
PGDH) are enzymes present in the hmg that are responsible for degrading circulating prostaglandins. 
Oxidative catabolism via passage through the piihnonary system is a conmion means of reducing the 
concentration of circulating prostaglandins. 15-PGDH oxidizes the 15-hydroxyl group of a variety of 

5 prostaglandins to produce the corresponding 15-oxo compounds. The 15-oxo derivatives usually have 
reduced biological activity compared to the 15-hydroxyl molecule, PGR further reduces the 13,14 
double bond of the 15-oxo compound which typically leads to a further decrease in biological activity. 
PGR is a monomer with a molecular weight of approximately 36 kDa. The enzyme requires NADH 
or NADPH as a cofactor with a preference for NADH. The 15-oxo derivatives of prostaglandins 

10 PGEi, PGEa, and PGEaa are all substrates for PGR; however, the non-derivatized prostaglandins (i.e., 
PGEi, PGEj, and FGE^ are not substrates (Ensor, CM. et aL (1998) Biochem. J. 330:103-108). 

15-PGDH and PGR also catalyze the metabolism of lipoxin A4 (LXA4). lipoxins (LX) are 
autacoids, lipids produced at the sites of localized inflammation, which down-regulate 
polymorphonuclear leukocyte (PMN) function and promote resolution of localized trauma. Lipoxin 

15 production is stimulated by the administration of aspirin in that cells displaying cyclooxygenase n 
(GOX n) that has been acetylated by aspirin and cells that possess 5-lipoxygenase (5-LO) interact 
and produce lipoxin. 15-PGDH generates 15-OX0-LXA4 with PGR further converting the 15-oxo 
compound to 13,14-dihydro-15-oxo-i:XA4 (Clish, C.B. et aL (2000) J. Biol Chem. 275:25372-25380). 
This finding suggests a broad substrate specificity of the prostaglandin dehydrogenases and has 

20 implications for these enzymes in drug metabolism and as targets for therapeutic intervention to 
regulate inflammation. 
GMC oxidoreductases 

The GMC (glucose-methanol-choline) oxidoreductase family of enzymes was defined based on 
sequence alignments of Drosophila melanogaster glucose dehydrogenase, Escherichia coli choline 

25 dehydrogenase, A.QppxpiThis uiger glucose oxidase, and Hansenula polvmorpha methanol oxidase. 
Despite their different sources and substrate specificities, these four flavoproteins are homologous, 
being characterized by the presence of several distinctive sequence and structural features. Each 
molecule contains a canonical ADP-binding, beta-alpha-beta mononucleotide-binding motif close to the 
amino terminus. This fold comprises a four-stranded parallel beta-sheet sandwiched between a three- 

30 stranded antiparallel beta-sheet and alpha-helices. Nucleotides bind in similar positions relative to this 
chain fold (Cavener, D.R. (1992) J. Mol Biol. 223:811-814; and Wierenga, R.K et al. (1986) J. Mol 
BioL 187:101-107). Members of the GMC oxidoreductase family also share a consensus sequence 
near the central region of the polypeptide. Additional members of the GMC oxidoreductase family 
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include cholesterol oxidases from Bievibacterimn sterolicum and Streptomyces : and an alcohol 
dehydrogenase from Pseudomonas oleovorans (Cavener, D.R., snwa : Henikoff, S. and J.G. Henikoff 
(1994) Genomics 19:97-107; van Beilen, J.B. et al, (1992) Mol. Microbiol. 6:3121-3136). 
IMP dehydrogenase/GMP reductase 
5 IMP dehydrogenase and GMP reductase are two oxidoreductases which share many regions 

of sequence similarity. IMP dehydrogenase (EC 1.1.1.205) catalyes the NAD-dependent reduction of 
IMP (inosine monophosphate) into XMP (xanthine monophosphate) as part of de novo GTP 
biosynthesis (Collart, RR. and E. Huberman (1988) L Biol. Chem. 263:15769-15772). GMP 
reductase catalyzes the NADPH-dependent reductive deamination of GMP into IMP, helping to 

10 maintain the intracellular balance of adenine and guanine nucleotides (Andrews, S.C. and J.R. Guest 
(1988) Biochem. J. 255:35-43). 
Pyridine nucleotide-disulphide oxidoreductases 

Pyridine nucleotide-disulphide oxidoreductases are FAD flavoproteins involved in the transfer 
of reducing equivalents frpm FAD to a substrate. These flavoproteins contain a pair of redox-active 

IS cysteines contained within a consensus sequence which is characteristic of this protein family 

(Kurlyan, J. et al (1991) Nature 352:172-174), Members of this family of oxidoreductases include 
ghitatbione reductase (EC 1.6.4.2); thioredoxin reductase of hi^er eukaryotes (EC 1.6.4.5); 
trypanothione reductase (EC 1.6.4.8); lipoamide dehydrogenase (EC 1.8.1.4), the E3 component of 
alpha-ketoadd dehydrogenase complexes; and mercuric reductase (EC 1.16.1.1). 

20 Lactate Femcvtochrome C Oxidoreductase 

The utilization of lactate requires two enzymes, the D and L^lactate ferricytochrome c 
oxidoreductase (D and L-LCR; EXPASY E.C. 1123 and E.C 1124), which stereo-specifically oxidize 
D- and L-lactate to pyruvate (Lodi, T. et al.-(1994) Mol. Gen. Genet 244: 622-629). In yeast, diese 
enzymes are nuclearly encoded and localized in mitochondria (Alberti A. et aL (2000) Yeast 

25 16:657-665). D-LCR is linked to the respiratory chain with cytochrome C as the electron acceptor of 
the redox reaction. Both D- and L-LCR genes are controlled by the carbon source, being induced by 
the substrate lactate and repressed by glucose. (Lodi, T. et al. (1994) Mol Gen. Genet. 244: 622-629). 
Hydrolases 

Hydrolases are a class of enz5mes that catalyze the cleavage of various covalent bonds in a 
30 substrate by the introduction of a molecule of water. The reaction involves a nucleophilic attack by 
the water molecule's oxygen atom on a target bond in the substrate. The water molecule is spht 
across the target bond, breaking the bond and generating two product molecules. Hydrolases 
participate in reactions essential to such functions as synthesis and degradation of cell components. 
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and for regulation of cell functions including cell signaling, cell proliferation, inflamation, apoptosis, 
secretion and excretion. Hydrolases are involved in key steps in disease processes involving these 
functions. Hydrolytic enzymes, or hydrolases, may "be grouped by substrate specificity into subclasses 
includiQg phosphatases, peptidases, lysophospholipases, phosphodiesterases, glycosidases, glyoxalases, 
5 ribonucleases, thioether hydrolases, and hydrolases which act on carbon-nitrogen (C-N) bonds other 
than peptide bonds. 

Phosphatases hydrolytically remove phosphate groups from proteins, an energy-providing step 
that regulates many celhilar processes, including intracellular signaling pathways that in tum control 
cell growth and differentiation, cell-cell contact, the cell cycle, and oncogenesis. 

10 Peptidases, also called proteases, cleave peptide bonds that form the backbone of peptide or 

protein chains. Proteolytic processing is essential to cell growth, differentiation, remodeling, and 
homeostasis as well as inflammation and the immune response. Since typical protein half-lives range 
from hours to a few days, peptidases are continually cleaving precursor proteins to their active form, 
removing signal sequences from targeted proteins, and degrading aged or defective proteins. 

15 Peptidases frmction in bacterial, parasitic, and viral invasion and replication within a host. Examples of 
peptidases include trypsin and ch3anotrypsin, components of the complement cascade and the 
blood-clotting cascade, lysosomal cathepsins, calpains, pepsin, renin, and chsonosin (Beynon, RJ. and 
J.S. Bond (1994^ ) Proteolvtic P TiTiYmes! A Practical Approach. :Oxford University Press, New York, 
NY,pp. 1-5). 

20 Lysophospholipases (LPLs) regulate intracellular lipids by catalyzing the hydrolysis of ester 

bonds to remove an acyl group, a key step in lipid degradation. Small LPL isofotms, approximately 
15-30 kD, function as hydrolases; larger isoforms frinction both as hydrolases and transacylases. A 
particular substrate for LPLs, lysophosphatidylcholine, causes lysis of cell membranes. LPL activity is 
regulated by signjQing molecules important in numerous pathways, including the inflammatory 

25 response. 

The phosphodiesterases catalyze the hydrolysis of one of the two ester bonds in a 
phosphodiester compound. Phosphodiesterases are therefore cracial to a variety of cellular processes. 
Phosphodiesterases include DNA and KNA endo- and exo-nucleases, which are essential to cell 
growth and replication as well as protein synthesis. Endonuclease V (deox3dnosine 3'-endonuclease) 
30 is an example of a type U site-specific deoxyribonuclease, a putative DNA repair enzyme that cleaves 
DNAs containing hypoxanthine, uracil, or mismatched bases. Escherichia coli endonuclease V has 
been shown to cleave DNA containing deoxyxanthosine at the second phosphodiester bond 3' to 
deoxyxanthosine, generating a 3'-hydroxyl and a 5'-phosphoryl gronp at the nick site (He, B. et aL 
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(2000) Mutat Res. 459:109-114). It has been suggested that Escheridna coli endonuclease V plays a 
role in the removal of deaminated guaiiine, i.e., xanthine, from DNA, thus helping to protect the cell 
against the mutagenic effects of nitrosative deamination (Schouten KA and Weiss B (1999) Mutat 
Res. 435:245-254). In eukaryotes, the process of tRNA splicing requires the removal of small tRNA 
5 introns that interrupt the anticodon loop 1 base 3 ' to the anticodon. This process requires the stepwise 
action of an endonuclease, a ligase, and a phosphotransferase (Hong, L. et al. (1998) Science 280:279- 
284). Ribonuclease P (RNase P) is a ubiquitous RNA processing endonuclease that is required for 
generating the mature tRNA 5 '-end during the tRNA splicing process. This is accomplished through 
the catalysis of the cleavage of P-3'O bonds to produce 5 '-phosphate and 3'-hydroxyl end groups at 
10 a specific site on pre-tRNA. Catalysis by RNase P is absolutely dependent on divalent cations such 
as Mg2+ or Mn2*(Kurz, J.C. et aL (2000) Curr. Opin. Chem. Bioi 4:553-558). Substrate recognition 
mechanisms of RNase P have been demonstrated to be well conserved among the Eucarya, the 
Archaea, and the Bacteria (Fabbri, S. et al. (1998) Science 280:284-286). la S. cerevisiae , a gene 
designated POPl for 'processing of precursor RNAs% encodes a protein component of both RNase P 
15 and RNase MRP, another RNA processing protein Mutations in yeast POPl have been shown to be 
leflial (Lygefon, Z. et aL (1994) CSenes Dev. 8:1423-1433). Another phosphodiesterase is acid 
sphiagomyeliaase, which hydrolyzes the membrane phospholipid sphingomyelin to ceramide and 
phosphoryldboline. Phosphoryldholine is used in the synthesis of phosphatidylcholme, which is 
involved in numerous intracellular signaliag pafliways. Ceramide is an essential precursor for the 
20 generation of gangliosides, membrane lipids found in high concentration in neural tissue. Defective 
acid sphingomyelinase phosphodiesterase leads to a build-up of sphingomyelin molecules in lysosomes, 
resulting in Niemann-Hck disease. 

Glycosidases catalyze the cleavage of hemiacetyl bonds of glycosides, which are compounds 
that contain one or more sugar. Mammalian lactase-phlorizin hydrolase, for example, is an intestinal 
25 enzyme that splits lactose. Mammalian beta-galactosidase removes the terminal galactose from 

gangliosides, glycoproteins, and glycosaminoglycans, and deficiency of this enzyme is associated with 
a gangliosidosis known as Morquio disease type B. Vertebrate lysosomal alpha-ghacosidase, which 
hydrolyzes glycogen, maltose, and isomaltose, and vertebrate intestinal sucrase-isomaltase, which 
hydrolyzes sucrose, maltose, and isomaltose, are widely distributed members of this family with highly 
30 conserved sequences at their active sites. 

The glyoxylase system is involved in gluconeogenesis, the production of gjucose from storage 
compounds in the body. It consists of glyoxylase I, which catalyzes the formation of S-D- 
lactoylghitathione from methyglyoxal, a side product of triose-phosphate eneigy metabolism, and 
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glyoxylase II, which hydrolyzes S-D-lactoylghitafhione to D-lactic acid and reduced glutathione. 
Glyoxylases are involved in hyperglycemia, non-insulin-dependent diabetes mellitas, the detoxification 
of bacterial toxins, and in flie control of ceD proliferation and microtubule assembly. 

Ribonucleases are enzymes which hydrolyze KNA and oKgoribonucleotides. Ribonuclease T2 

5 catalyzes the two-stage endonucleolytic cleavage of RNA to 3 -phosphomononucleotides and 
3 -phosphooligonucleotides with 2',3 -cyclic phosphate intermediates. Pancreatic ribonucleases 
(RNAse) (EC 3.1.27.5) are pyrimidine-specific endonucleases present in high quantity in the pancreas 
of a number of mammalian taxa and of a few reptiles, A number of other proteins belonging to the 
pancreatic RNAse family include kidney non-secretory ribonucleases (eosinophil-derived neurotoxin, 

10 EDN), liver-type ribonucleases, angiogenin, and eosinophil cationic protein (ECP) 

OPROSTTBrPDOCOOllS). EDN is a distinct cationic protein of the eosinophil's large specific granule 
Icnown primarily for its ability to induce ataxia, paralysis, and central nervous system cellular 
degeneration in experimmtal anunals (Rosenberg, BLF. et al. (1989) PNAS 86:4460-4464). 

A small subclass of hydrolases acting on ether bonds includes the thioether hydrolases. S- 

15 adenosyl-L-homocysteine hydrolase, also kuown as AdoHcyase or S AHH (PROSITE PDOC00603 ; 
EC3.3.1.1\ is a thioether hydrolase first described in rat liver extracts as the activity responsible for 
the reversible hydrolysis of 5-adenosyl-L-homocysteine (AdoHcy) to adenosine and homocysteine 
(Sganga, M. W. et aL (1992) PNAS 89:6328-6332). S AHH is a cytosolic enzyme that has been found 
in all ceBs that have been tested, with the exception of Escherichia coli and certain related bacteria 

20 (Walker, R.D. et al. (1975) Can. J. Biochem. 53:312-319; Shimizu, S. et al. (1988) FEMS Microbiol. 
Lett 51:177-180; Shnnizn, S. et aL (1984) Eur. J. Biochem. 141:385-392). SAHH activity is 
dependent on NAD"*^ as a cof actor . Deficiency of SAHH is associated with hypemiethiomnemia 
(Onliue Mendelian Inheritance in Man (OMIM) #180960 Hypennethioninemia), a pathologic condition 
characteriized by neonatal cholestasis, failure to thrive, mental and motor retardation, facial 

25 dysmoiphism with abnormal hair and teeth, and myocaridopathy (Labrune, P. et al. (1990) J. Pediat 
117:220-226). 

Another subclass of hydrolases includes those enzymes which act on carbon-nitrogen (C-N) 
bonds other than peptide bonds. To this subclass belong those enzymes hydrolyzing amides, amidiues, 
and other C-N bonds. This subclass is further subdivided on the basis of substrate specificity such as 
30 linear amides, cyclic amides, linear aroidines, cyclic a3midines, nitriles and other compounds. 

A hydrolase belongmg to the sub-subclass of enzymes acting on the cyclic amidines is 
adenosine deaminase (ADA). ADA catsdyzes the breakdown of adenosine to inosine. ADA is 
present in many mammalian tissues, iucluding placenta, muscle, lung, stomach, digestive diverticulum, 
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Spleen, eryflirocytes, thymus, seminal plasma, thyroid, T-cells, bone marrow stem cells, and liver. A 
subclassof ADAS, ADAR, act on RNA and are classified as RNA editases. AnADARfrom 
Drosophila^ dADAR, has been shown to be expressed in the developing nervous system, making it a 
candidate for the editase that acts on para voltage-gated Na+ channel transcripts in the central 
5 nervous system (Palladino, MJ. et al. (2000) KNA 6:1004-1018). A deficiency of ADA causes 
profound lymphopenia with severe combined immunodeficiency (SCID). Cells fi-om patients with 
ADA deficiency contain less than normal, and sometimes undetectable, amounts of ADA catalytic 
activity and ADA protein. It has been shown that ADA deficiency stems fi^m genetic mutations in 
the ADA gene, resulting in SCID (Her&hfield, M.S. (1998) Semin. HematoL 4:291-298). MetaboKc 
10 consequences of ADA deficiency m mice have been found to be associated with defects in 

alveogenesis, pulmonary infl a mmation, and airway obstruction (Blackburn, MJR. et sd. (2000) J. E^q). 
'Med. 192:159-170). 

Pancreatic ribonucleases (RNase) are pyrimidine-specific endonucleases found in high 
quantity in the pancreas of certain mammalian taxa and of some reptiles (Beintema, J. J. et al (1988) 
Prog. Biophys. MoL BioL 51:165-192). Proteins in the mammalian pancreatic RNase superfamily are 
noncytosolic endonucleases that degrade RNA through a two-step transphosphorolytic-hydrolytic 
reaction (Beintema, JJ. et aL (1986) Mol. BioL EvoL 3:262-275). Specificafly, the enzymes are 
involved in endonucleolytic cleavage of 3 -phosphomononucleotides and 3 -phospbooligonucleotides 
ending in C-P or U-P with 2*,3 '-cyclic phosphate intermediates. Ribonucleases can unwind the DNA 
heBx by complexmg with single-stranded DNA ; the complex arises by an extended multi-site 
cation-anion interaction between lysine and arginine residues of the CTzyme and phosphate groups of 
the nucleotides. Some of the enzymes belonging to this family appear to play a purely digestive role, 
whereas others exhibit potent and unusual biological activities (D'Alessio, G. (1993) Trends Cell BioL 
3:106-109). Proteins belonging to the pancreatic RNase family include: bovine seminal vesicle and 
brain ribonucleases; kidney non-secretory ribonucleases (Beintema, J J. et al (1986) PEBS Lett 
194:338-343); liver-type ribonucleases (Rosenberg, H.F. et al. (1989) PNAS U.S.A. 86:4460-4464); 
angiogenin, which induces vascularisation of normal and malignant tissues; eosinophil cationic protein 
(Hofsteenge, J. et al. (1989) Biochemistry 28:9806-9813), a cytotoxin and hehnintiiotoxin wifli 
ribonuclease activity; and frog hver ribonuclease and frog sialic acid-bindmg lectiiL The sequences of 
pancreatic RNases contain 4 conserved disulphide bonds and 3 amino acid residues involved in the 
catalytic activity. 

A hydrolase belonging to the sub-subclass of enzymes acting only on asparagme- 
oligosaccharides contaming one amino acid is JS^-(p-JV^acetylglucosaminyl)-L-asparaginase, or 
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aspaitylglucosylaniimdase (AGA; EC 3.5.1.26\ AGA is a key enzyme ia the catabolism of N-liiiked 
oligosaccharides of glycoproteins. It cleaves the asparagine from the residual N-acetylghicosaniines 
as oBe of the final steps in the lysosomal breakdown of glycoproteins. AGA is an enzyme of 
lysosomal origin that has been found in worms, rats, mice, pigs, humans, and flavobacteria (ExPASy 
5 Enzyme View of ENZYME: 3.5.1.2; SWISS-PROT P20933). A deficiency of AGA causes a 
: lysosomal disease known as aspartylglucosamdnuria (AGU) (Online Mendeliaa Inheritance in Man 
(OMIM) #208400 Aspartylglucosaminuria; Jenner, F.A. et al. (1967) Biochem. J. 103:48P-49P; Pollitt, 
R.J. et al. (1968) I-ancet 11:253-255). Patients with AGU exhibit severe mental retardation, cranial 
asymmetry, scoliosis, periodic hyperactivity, and vacuolated lymphocytes. AGU in infants is 

10 characterized by diarrhea and frequent infections QPalo, J. et al. (1970) J. Ment. Defic. Res. 14:168- 
173). It has been shown that AGU stems from genetic mutations in the AGU gene, which probably 
affects the folding and stability of the AGA molecule (Ikonen, E. et aL (1991) PNAS 88:11222-11226; 
Dconen, E. et al (1991) EMBO J. 10:51-58; Ikonen, E. et al. (1991) Genomics 11:206-211). 
Metabolic consequences of AGA deficiency in mice have been found to be associated with defects in 

15 neuromotor coordination, including impaired bladder function and severe ataxic gait in older mice 
(Tenhanen, K, et aL (1995) Genomics 30:244-250; Gonzalez-Gomez, I. et aL (1998) Am. J. Path 
153:1293-1300). 
Transferases 

Transferases are enzymes that catalyze the transfer of molecular groups. The reaction may 
20 involve an oxidation, reduction, or cleavage of cov^ent bonds, and is often specific to a substrate or to 
particular sites on a type of substrate. Transferases participate in reactions essential to such functions 
as synthesis and degradation of ceU components^ regulation of cell functions including cell signaling, 
cell proliferation, inflammation, apoptosis, secretion and excretion. Transferases are involved in key 
steps in disease processes involving these functions. Transferases are firequently classified according 
25 to the type of group transferred. For example, methyl transferases transfer one-carbon methyl groups, 
amino transferases transfer nitrogenous amino groups, and sincdlarly denominated enzymes transfer 
aldehyde or ketone, acyl, glycosyl, alkyl or aryl, isoprenyl, saccharyl, phosphorous-containing, sntfor- 
containing, or selenium-containing groups, as well as small enzymatic groups such as Coenzyme A. 

Acyl transferases include peroxisomal carnitine octanoyl transferase, which is involved in the 
30 fatty acid beta-oxidation pathway, and mitochondrial carnitine palmitoyl transferases, involved in fatty 
acid metabolism and transport Choline O-acetyl transferase catalyzes the biosynthesis of the 
neurotransmitter acetylcholine. N-acyltransferase enzymes catalyze the transfer of an amino acid 
conjugate to an activated carboxylic group. Endogenous compounds and xenobiotics are activated by 
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acyl-CoA synthetases in the cytosol, microsomes, and mitochondria. The acyl-CoA intermediates are 
then conjugated with an amino acid (typically glycine, ghitamine, or taurine, bnt also oixiithine, arginine, 
histidine, serine, aspartic acid, and several dipeptides) by N-acyltransferases in the cytosol or 
mitocliondria to form a metabolite with an amide bond. One well-characterized enzyme of this class is 
5 the bile acid-CoA:amino acid N-acyltransferase (BAT) responsible for generating the bile acid 

conjugates which serve as detergents in the gastrointestinal tract (Falany, C. N. et al (1994) J. Biol. 
Chem. 269:19375-9; Johnson, M. R. et al. (1991) J. BioL Ch&m. 266:10227-33). BAT is also useful as 
a predictive indicator for prognosis of hepatocellular carcinoma patients after partial hepatectomy 
(Furutani, M. et al. (1996) Hepatology 24:1441-5). 
10 N-acetyltransferases are cytosolic enzymes which utilize the cofactor acetyl-coenzyme A 

(acetyl-CoA) to transfer the acetyl group to aromatic amines and hydrazine containing compoimds. In 
bomans, there are two highly similar N-acetyltransferase enzymes, NATl and NAT2; mice appear to 
have a third form of the enzyme, NATS. Ihe human forms of N-acetyltransferase have independent 
regulation (NATl is widely-expressed, whereas NAT2 is in liver and gut only) and overlapping 
15 substrate preferences. Both enzymes appear to accept most substrates to some extrat, but NATl 

does prefer some substrates (para-aminobenzoic acid, para-aminosalicylic acid, sulfiamethoxazole, and 
sulfanilamide), while NAT2 prefers others (isoniazid, hydralazine, procainamide, dapsone, 
aroinoghitethirDide, and sulfamethaziae). A recently isolated human gene, tubedbwn-1, is homologous 
to the yeast NAT-1 N-acetyltransferases and encodes a protein associated with acetyltransferase 
20 activity. The expression patterns of tubedown-1 suggest lhat it may be involved in regulating vascular 
and hematopoietic development (Gendron, R.L. et aL (2000) Dev. Dyn 218:300-315). 

Lysophosphatidic add acyltransferase (LPAAT) catalyzes the acylation of lysophosphattdic 
acid (LP A) to phosphatidic acid. LPA is the simplest glycerophospholipid, consisting of a glycerol 
molecule, a phosphate group, and a mono-saturated fatty acyl chain. LPAAT adds a second fatiy 
25 acyl chain to LPA, producing phosphatidic add (PA). PA is the precursor molecule for 

diacgrlglycerols, which are necessary for the production of phospholipids, and for triacylglycerols, 
which are essential biological fuel molecules. In addition to being a crucial precursor molecule in 
bios3^thetic reactions, LPA has recently been added to the list of intercellular hpid messenger 
molecules. LPA interacts with G protein-coupled receptors, coupling to various independent effector 
30 pathways including inhibition of adenylate cyclase, stimulation of phospholipse C, activation of MAP 
kinases, and activation of the small GTP-binding proteins Ras and Fho. (Moolenaar, W.H. (1995) J. 
BioL Chem 28-: 12949-12952.) The physiological effects of LPA have not been fuDy characterized 
yet, but they include promoting growth and invasion of tumor ceDs. PA, the product of LPAAT, is a 
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key messenger in a common signaling pathway activated by proinflammatory mediators such as 
interlenkin-lp, tumor necrosis factor a, platelet activating factor, and lipid A. (Bursten, SX. et al. 
(1992) Am. J. Physiol. 262:C328-C338; Bursten S.L. et al. (1991) J. Biol. Chem. 255:20732-20743; 
Kester, M. (1993) J. Cell Physiol. 156:3 17-325.) Thus, LPAAT activity may mediate inflaimnatory 

5 responses to various proinflammatory agents. 

Amiaotransf erases comprise a family of pyridoxal 5 -phosphate (PLP) -dependent enzymes 
that catalyze transformations of amino acids. Amino transferases play key roles in protein synthesis 
and degradation, and they contribute to other processes as well For example, GABA 
aminotransferase (GABA-T) catalyzes the degradation of GABA, the major inhibitory amino acid 

10 neurotransmitter. The activity of GABA-T is correlated to nem-opsychiatric disorders such as 

alcoholism, epilepsy, and Alzheimer's disease (SHerif, P.M. and Ahmed, S.S. (1995) Clin. Biochem. 
28:145-154). Other members of the family include pyruvate aminotransferase, branched-dhain amino 
acid aminotransferase, tyrosine aminotransferase, aromatic aminotransferase, alanineiglyo^late 
aminotransferase (AGT), and kynurenine aminotransferase (Vacca, R.A. et aL (1997) J. Biol. Chem. 

15 272:21932-21937). Kynurenine aminotransferase catalyzes the irreversible transamination of the 
L-tryptophanmetaboHteL-kynurenineto formlcynurenic add. The enzyme may abo catalyzes the 
reversible transamination reaction between L-2-aminoadipate and 2-oxoglutarate to produce 
2-oxoadipate and I^ghitamate. Kynurenic acid is a putative modulator of gjutamatergic 
neurotransmission, thus a deficiency in kynurenine aminotransferase may be associated with 

20 pleiotropic effects (Buchli, R. et al. (1995) J. Biol. Chem. 270:29330-29335). 

Glycosyl transferases include the marmnalian UDP-ghicouronosyl transferases, a family of 
membrane-bound microsomal enzymes catalyzing the transfer of ghicouronic acid to lipophilic 
substrates in reactions that play important roles in detoxification and excretion of drugs, carcinogens, 
and other foreign substances. Another mammalian glycosyl transferase, mammalian UDP-galactose- 

25 ceramide galactosyl transferase, catalyzes the transfer of galactose to ceramide in the synthesis of 

galactocerebrosides in myelin membranes of the nervous system. Galactosyltransferases are a subset 
of glycosyltransferases that transfer galactose (Gal) to the terminal N-acetylglucosamine (GlcNAc) 
oligosaccharide chains that are part of glycoproteins or glycolipids that are firee in solution (Kolbinger, 
R et al. (1998) J. Biol. Chem. 273:433-440; Amado, M. et al. (1999) Biochim. Biophys. Acta 1473:35- 

30 53). pi ,3-galactosyltransferases form Type I carbohydrate diains with Gal (pl-3)GlcNAc linkages. 
Known human and mouse pi,3-galactosyltransferases appear to have a short cytosoHc domain, a 
single transmembrane domain, and a catalytic domain with eight conserved regions. (Kolbinger, F. 
supra and Hennet, T. et al. (1998) J. Biol. Chem. 273:58-65). A variant of a sequence found within 
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mouse TJDP-galactose:P-N-acetylglucosainine pi,3-galactosyltransferase-I region 8 is also found in 
bacterial galactosyltransferases, suggesting that this sequence defines a galactosyltransferase 
sequence motif (Hennet T. supra) . 

Methyl transferases are involved in a variety of pharmacologically important processes. 
Nicotinamide N-methyl transferase catalyzes the N-mefhylation of nicotinamides and other pyridines, 
an important step in the cellular handling of drags and other foreign compounds. Phenylethanolamine 
N-methyl transferase catalyzes the conversion of noradrenalin to adrenalin. 6-O-methylguaiune-DNA 
methyl transferase reverses DNA methylation, an important step in carcinogenesis. Uroporphyrin-Ill 
C-methyl transferase, which catalyzes the transfer of two methyl groups from S-adenosyl-L- 
methionine to xiropoiphyiinogen HI, is the first spedfic enzyme in the biosynthesis of cobalamin, a 
dietary enzyme whose uptake is deficient in pernicious anemia. Protein-argiDnie methyl transferases 
catalyze the posttranslational methylation of argimne residues in proteins, resulting in the mono- and 
dimethylation of arginine on the guanidino group. Substrates include histones, myelin basic protein, and 
heterogeneous nuclear ribonucleoproteins iavolved in mRNA processing, splicing, and transport 
Protein-arginine methyl transferase interacts with proteins upregulated by mitogens, wiOx proteins 
involved in chronic lynqxhocydc leukemia, and with interferon, suggesting an important role for 
methylation in cytokine receptor signaling (lin, W.-J. et aL (1996) J. BioL Chem. 271:15034-15044; 
Abramovidi, C et aL (1997) EMBO J. 16:260-266; and Scott, aS. et aL (1998) Genomics 48:330- 
340). 

Fhospho transferases catalyze the transfer of high-energy phosphate groups and are important 
in energy-requiring and -releasing reactions. The metabolic enzyme creatine kinase catalyzes the 
reversible phosphate transfer between creatine/creatine phosphate and ATP/ADP. Glycocyamine 
kinase catalyzes phosphate transfer jfrom ATP to guanidoacetate, and arginine kinase catalyzes 
phosphate transfer from ATP to arginine. A cysteine-containing active site is conserved in this family 
(PROSITB: PDOC00103). 

Prenyl transferases are heterodimers, consisting of an alpha and a beta subunit, that catalyze 
the transfer of an isoprenyl group. A particularly important member of this group is the Ras 
famesyltransferase (FTase) enzyme, which transfers a famesyl moiety from c3^osolic 
famesylpyrophosphate to a cysteine residue at the carboxyl terminus of the Ras oncogene protein 
This modification is required to anchor Ras to the cell membrane so that it can perform its role in 
signal transduction. FTase inhibitors have been shown to be effective in blocking Ras function, and 
demonstrate antitumor acrivitv in vitro and in vivo (Buolamwini, J,K. (1999) Curr. Opin. Chem. Biol. 
3:500-509). FTase shares structural similarity with geranylgeranyl transferase, or Rab GG 
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transferase. This enzyme prenylates Rab proteins, allowing them to perform their roles in regulating 
vesicle transport (Seabra, M.C. (1996) J. Biol Chem. 271:14398-14404). The enzyme para- 
hydroxybenzoate (PHB) polyprenyl diphosphate transferase catalyzes the condensation of PHB and 
polyprenyl diphosphate in the synthesis of ubiquinone, an essential component of the electron transfer 
5 system. 

Saccharyl transferases are glycating enzymes involved in a variety of metabolic processes. 
Oligosacchryl transferase-48, for example, is a receptor for advanced glycation endproducts. 
Accumulation of these endproducts is observed in vascular complications of diabetes, macrovascular 
disease, renal insufficiency, and Alzheimer's disease (Thomalley, P.J. (1998) CeUMoI BioL (Noisy- 

10 Le-Grand) 44:1013-1023). 

Coenzyme A (CoA) transferase catalyzes flae transfer of CoA between two cafboxyHc acids. 
Succinyl CoA:3-oxoacid CoA transferase, for example, transfers CoA from succinyl-CoA to a 
recipient such as acetoacetate. Acetoacetate is essential to the metabolism of ketone bodies, which 
accumulate in tissues affected by metabolic disorders such as diabetes (PROSITE: PDOC00980). 

15 NAD:ar^nine mono-ADP-ribosyltransferases catalyse the transfer of ADP-ribose from 

NAD to the guanido group of arginine on a target proteiiL Substrates for these enzymes have been 
identified in myotubes and activated lymphocytes, and include alpha integrin subunits. These proteins 
contain characteristic domains involved in NAD binding and ADP-iibose transfer, including a highly 
acidic region near the carboxy terminus which is required for enzymatic activity (Moss, J. et aL (1999) 

20 MoL CeH. Biochen;L 193 :109-1 13). 

Phosphoribosyltransferases catalyze the synthesis of beta-n-S -monophosphates from 
phosphoiibosylpyrophosphate and an amine. These enzymes are involved in the biosynthesis of purine 
and pyrimidine nucleotides, and in the purine and pyrimidine salvage pathways. For example, the 
enzyme hypoxanthine-guarune phosphoribosyltransferase (HGPRT) is a purine salvage enzyme that 

25 catalyzes the conversion of hypoxanthine and guanine to their respective mononucleotides. HGPRT is 
ubiquitous, is known as a ^housekeeping' gene, and is frequently used as an internal control for reverse 
transcriptase polymerase chain reactions. There is a serine-tyrosine dipeptide that is conserved 
among all members of the HGPRT family and is essential for the phosphoribosylation of purine bases 
(Jardim, A. and UDman, B. (1997) J. Biol Chem. 272:8967-8973). A partial deficiency of HGPRT 

30 can lead to overproduction of uric acid, causing a severe form of gout. An absence of HGPRT 

causes Lesch-Nyhan syndrome, characterized by hyperuricaemia, mental retardation, dioreoathetosis, 
and compulsive self-mutilation (Sculley, D.G. et al. (1992) Hum. Genet 90:195-207). Many parasitic 
organisms are unable to synthesize purines de novo and must rely on the enzymes in salvage pathways 
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for the s^thesis of puiine nucleotides; thus these enzymes are potential targets for the treatment of 
parasitic infections (Craig, S. R, and Eakin, A, R. (2000) J. Biol. C3iem. 275:20231-20234). 

TransghatamiDase (Tgases) transferases are Ca^ dependent enzymes capable of forming 
isopeptide bonds by catalyzing the transfer of the y-carbosy gronp from protein-boimd ghitamine to the 
E-amino group of protein-bound lysine residues or other primary amines. TGases are the enzymes 
responsible for the cross-linking of comified envelope (CE), the highly msohible protein structure on 
the surface of flie comeocytes, into a chemically and mechanically resistant protein polymer. Seven 
known human Tgases have been identified. Individual transglutaminase gene products are specialized 
in the cross-linking of specific proteins or tissue structures, such as factor Xnia which stabilizes the 
fibrin clot inhemostasis, prostrate transglutaminase which functions in semen coagulation, and tissue 
transglutaminase which is involved in GTP-binding in receptor signaling. Four (Tgases 1, 2, 3 , and X) 
are expressed in terminally difierentiating epithelia such as the epidermis. Tgases are critical for the 
proper cross-linking of the CE as seen in the pathology of patients suffering fi^om one form of the skin 
diseases referred to as congenital ichthyosis which has been linked to mutations in the keratinocyte 
transglutaminase (TGk) gene (Nemes, Z. et al., (1999) Proc. Natl. Acad. ScL U.S.A. 96:8402-8407, 
Aeschlimann, D. et aL, (1998) J. BioL Chemu 273:3452-3460.) 
Lyases 

Lyases are a class of enzymes that catalyze the cleavage of C-C, C-O, C-N, C-S, C-^ 
P-O, or other bonds without hydrolysis or oxidation to form two molecules, at least one of whicih 
contains a double bond (Stryer, L. (1995) BiochftmistTY W.H. Freeman and Co., New York NY, 
p.620). Under the Ihtemational Classification of Enzymes (Webb, E.C. (1992) Enzvme Nomenclature 
1992! T^ecoTnTTi&Tifigi tions of Ihe Nomencla tuTft nmYrniittftPi of tv> e International IMon of BiochgmistTY 
and Molecular Biolog y on the Nomenclature and Classification of Enzvmes , Academic Press, San 
Diego CA), lyases form a distinct class designated by flie numeral 4 in the first digit of the enzyme 
number (i.e., EC 4.X.X.X). 

Further classification of lyases reflects the typ& of bond cleaved as well as the natuie of the 
cleaved gronp. The group of C-C lyases inchides carboxyl-lyases (decarboxylases), aldehyde-lyases 
(aldolases), oxo-add-lyases, and other lyases. The C-O lyase gronp includes hydro-lyases, lyases 
acting on polysaccharides, and other lyases. The C-N lyase group includes ammonia-lyases, amidine- 
lyases, amine-lyases (deaminases), and other lyases. Lyases are critical conqjonents of cellular 
biochemistry, with roles in metabolic energy production, including fatty acid metabolism and the 
tricarboxylic acid cycle, as well as other diverse enzymatic processes. 

One important family of lyases are ihe carbonic anhydrases (CA), also called carbonate 
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dehydratases, which catalyze the hydration of carbon dioxide in the reaction HjO + COj ^ HCO3 " + 
. CA accelerates this reaction by a factor of over 10*^ by virtue of a zinc ion located in a deep cleft 
about 15 A below the protein's surface and co-ordinated to the imidazole groups of three His residues. 
Water bound to the zinc ion is rapidly converted to HCOs', 
5 Eight enzymatic and evolutionarily related forms of carbonic ahhydrase are currently known to 

exist ID humans: three cytosohc isozymes (CAI, CAII, and CAUT), two membrane-bound forms 
(CAIV and CAVII), a mitochondrial form (CAV), a secreted salivary form (CAVI) and a yet 
undiaracterized isozyme (Ptosite PDOC00146 Eukaryotic-type carbonic ahhydrases signature). 
Though the isoenzymes CAI, CAII, and bovine CAIUhave similar secondary structure and 
10 polypeptide-chain fold, CAI has 6 tryptophans, CAH has 7 and CAM has 8 (Boren, K. et aL (1996) 
Protein Sd, 5 :2479-2484). CAII is the predommant CA isoenzyme in the bram of mammsQs. 

CAs partidpate in a variety of physiolo^cal processes that involve pH regulation, CO2 and 
HCO3- transport, ion transport, and water and electrolyte balance. For example, CAII contributes to 
H+ secretion by gastric parietal cells, by renal tubular cells, and by osteoclasts that secrete H+ to 
15 acidify flie bone-resorbing compartment. In addition, CABL promotes HCO3- secretion by pancreatic 
duct cells, cflary body epithelium, choroid plexus, salivary gland acinar cells, and distal colpnal 
epithelium, thus playing a role in the production of pancreatic juice, aqueous humor, cerebrospinal fluid, 
and saliva, and contributing to electrolyte and water balance. CAH ako promotes CO2 exchange in 
proximal tubules in the kidney, in erythrocytes, and in lung. CAIV has, roles in several tissues: it 
20 facilitates HCO3- reabsorption in the kidney; promotes CO2 flux in tissues including brain, skeletal 
muscle, and heart muscle; and promotes CO2 exchange from the blood to the alveoli in the lung. 
CAVI probably plays a role in pH regulation in saliva, along with CAH, and may have a protective 
effect in the esophagus and stomadi. Mitochondrial CAV appears to play important roles in 
gluconeogenesis and ureagenesis, based on the effects of CA inhibitors on tiiese pathways. (Sly, 
25 W.S. and Hu, P.Y. (1995) Ann. Rev. Biochem. 64:375-401.) 

A number of disease states are marked by variations in CA activity. Mutations in C AH which 
lead to CAII deficiency are the cause of osteopetrosis with renal tubular acidosis (Online Medelian 
Mieritance in Man 259730 Osteopetrosis witii Renal Tubular Acidosis). The concentration of CAlI m 
the cerebrospinal fluid (<2SF) appears to mark disease activity in patients with brain damage. High 
30 CA concentrations have been observed in patients with brain infarction. Patients with transient 

ischemic attack, multiple sclerosis, or epilepsy usually have CAH concentrations in tte nornial range, 
but higher CAH levels have been observed in the CSF of those with central nervous system mfection, 
dementia, or trigeminal neuralgia (Parkkila, A.K. et al. (1997) Eur. J. Clin. Invest. 27:392-397). 
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Colonic adenomas and adenocarcinomas have been observed to fail to stain for CA, whereas non- 
neoplastic controls showed CAT and CAII in the cytoplasm of the columnar cells Imtng the upper half 
of colonic oypts. The neoplasms show staining patterns similar to less mature cells lining the base of 
normal crypts (Gramlich T.L. et al. (1990) Arch PathoL Lab. Med. 114:415-419). 

Therapeutic interventions in a number of diseases involve altering CA activity. CA inhibitors 
such as acetazolamide are used in the treatment of glaucoma (Stewart, W.C. (1999) Cuix. Opin. 
OpthamoL 10:99-108), essential tremor and Parkinson* s disease (Uitti, R.L (1998) Geriatrics 53:46-48, 
53-57), intemiittent ataxia (Singhvi, J.P. et al. (2000) Neurology India 48:78-80), and altitude related 
ilhiesses (Klocke, DX. et al. (1998) Mayo Clin. Proc. 73:988-992). 

CA activity can be particularly useful as an indicator of long-term disease condition, since the 
enzyme reacts relatively slowly to physiological changes. CAI and zinc concentrations have been 
observed to decrease in hyperthyroid Graves' disease (Yoshida, K. (1996) Tohoku J. Bxp. Med. 
178:345-356) and glycosylated CAI is observed in diabetes meHitus (Kondo, T. et al (1987) Oio. 
Chim. Acta 166:227-236). A positive correlation has been observed between CAI and CAE reactivity 
and endometriosis (Brinton, D j\. et al. (1996) Ann. din. Lab. Sd. 26:409-420; D'Quz , OJ. et aL 
(1996) FertiL Stexil. 66:547-556). 

Another important niiember of the lyase family is ornithine decarboxylase (ODC), the initial 
rate-limiting enzyme m polyamine biosynthesis. ODC catalyses the transformation of ornithine into 
putrescine in the reaction L-omithine ^e* pntrescine + COj. Polyamines, which mchide putresdne and 
the subsequent metabolic pathway products spermidine and spermine, are ubiquitous cell components 
essential for DNA synthesis, cell differentiation, and proliferation. Thus the polyamines play a key 
role in tumor proliferation (Medina, M.A. et aL (1999) Biochem. Pharmacol 57:1341-1344). 

ODC is a pyridoxal-5 -phosphate (PiP)-dependent enzyme which is active as a homodimer. 
Conserved residues include those at the PLP binding site and a stretch of glycine residues thought to 
be part of a substrate binding region (Prosite PDOC00685 Qm/DAP/Arg decarboxylase family 2 
signatures). Mammalian ODCs also contain PEST regions, sequence fragments enriched in proline, 
glutamic acid, serine, and threonine residues that act as signals for intracellular degradation (Medma, 
supra! 

Many chemical carcinogens and tumor proirioters increase ODC levels and activity. Several 
known oncogenes may mcrease ODC levels by enhancing transcription of the ODC gene, and ODC 
itself may act as an oncogene when expressed at very high levels. A high level of ODC is found in a 
number of precancerous conditions, and elevation of ODC levels has been used as part of a screen for 
tumor-promoting compounds (Pegg, A.E. et al. (1995) J. Cell. Biochem. SuppL 22:132-138). 
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Miibitors of ODC have been used to treat tumors in aniinal models and human clinical trials, 
and have been shown to reduce development of tumors of the bladder, brain, esophagus, 
gastrointestinal tract, lung, oral cavity, mammary gland, stomach, skia and trachea (Pegg, supra; 
McCann, P.P. and A.E. Pegg (1992) Pharmac. Ther. 54:195-215). ODC also shows promise as a 

5 target for chemoprevention (Pegg, supra) . ODC inhibitors have also been used to treat infections by 
African trypanosomes , malaria, and Pneumocystis carinii , and are potentially useful for treatment of 
autoimmune diseases such as lupus and rheumatoid arthritis (McCann, supra). 

Another fa3mily of pyridoxal-dependent decarboxylases are the group n decarboxylases. This 
family includes gtutamate decarboxylase (GAD) which catalyzes the decarboxylation of gjutamate into 

10 the neurotransmitter GABA; histidine decarboxylase (HDC), which catalyzes the decarboxylation of 
histidine to histamine; aromatic-L-amino-acid decarboxylase (DDC), also known as L-dopa 
decarboxylase or tryptophan decarboxylase, which catalyzes the decarboxylation of tryptophan to 
tryptamine and also acts on 5-hydroxy-tiyptophan and dihydroxyphenylalanine (L-dopa); and cysteine 
sulfinic add decarboxylase (CSD), the rate-limiting enzyme in the synthesis of taurine from cysteine 

15 (PROSrCE PDOC00329 DDC/GAD/HDC/Ty^rDC pyridoxal-phosphate attachment site). Taurine is 
an abundant sulfonic amino acid in brain and is thought to act as an osmoregiilator in brain cells 
(Bitoun, M. and Tappaz, M. (2000) J. Neurochean. 75:9 19-924). 
TNF-alpha treatment 

Tumor necrosis factor-alpha (TNF-alpha) is a proinflammatory cytokine. It mediates immune 
20 regulation and inflammatory responses through various intermediates, including protein kinases, protein 
phosphatases, reactive oxygen intermediates, phosphohpases, proteases, sphiagomyelinases and 
transcription factors. TNF-a-related cytokines generate cellular responses including differentiation, 
proliferation, cell death, and activation of nuclear factor-icB (NF-kB) (Smith, CA. et al. (1994) Cell 
76:959-962), through its interaction with distinct cell surface receptors (TNERs). ^JF-KB is a 
25 transcription factor that induces genes involved in physiological processes such as response to injury 
and infection. (For a review of TNF-a in the NF-kB activation pathway see Bowie and ONeill (2000) 
Biochem Pharmacol 59:13-23.) 

TNF-alpha is upregulated when the endothelium is physically disrupted or functionally 
perturbed by events such as postischemic reperfusion, acute and chronic inflammation, atherosclerosis, 
30 diabetes and chronic arterial hypertension. Inflammatory stimulation sets the stage for later tissue 
repair. Elevated TNF-alpha initially increases, and then inhibits, the activity of a number of key 
enzymes including protein-tyrosine kinase (FTKase) and protein-tyrosine phosphatase (Holden, RJ. et 
al. (1999) Med. Hypotheses 52:319-23). 
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Development of atherosclerosis involves inflanunatory responses induced by circulating 
lipoprotein. Lipoproteins, such as low-density lipoprotein (LDL), accumulate in the extracellular space 
of the vascular intima and undergo modifications including oxidation of LDL to Ox-LDL, most avidly 
in the sub-endothelial space where circulating antioxidant defenses are less effective. Mononuclear 
5 phagocytes enter the Ultima, differentiate, into macrophages, and ingest modified lipids including Ox- 
LDL. During Qx-LDL uptake, macrophages produce cytokines including TNF-a, as well as 
interleukin-1 and growth factors (e.g. M-CSF, VEGF, and PDGF-BB), that elicit further events in 
atherogenesis such as smooth muscle cell proliferation and production of extracelhilar matrix hy 
vascular endothelium. These macrophages may also activate genes in endothelium and smooth 
10 muscle tissue involved in inflatpmation and tissue differentiation, including superoxide dismutatse 
(SOD), IL-8, and ICAM-1. 

Non-atherosclerotic vascular endothelium not only mediates vascular dilatation but prevents 
platelet adhesion and activation, blocks thrombin formation, mitigates fibrin deposition, and attenuates 
adhesion and transmigration of inflammatory leukocytes. When the endothelium is physically 
15 disrupted, or perturbed by events such as postischemic reperfusion, acute and chronic inflammation, 
atherosclerosis, diabetes and chronic arterial hypertension, it acts in the opposite manner. The 
perturbed or proinflammatory state is characterised by vaso-constriction, platelet and leukocyte 
activation and adhesion (involving extemalisation, esspression and upregulation of, for exani^le, yon 
Willebrand factor, platelet activating factor, P-selectin, ICAM-1, IL-8, MCP-1, and TNF-a), promotion 
20 of thrombin formation, coagulation and deposition of fibrin at the vascular wall (expression of tissue 
factor, PAI-1, and phosphatidyl serine) and, in platelet-leukocyte coaggregates, additional 
iirQammatory interactions via attachment of platelet CD40-ligand to endothelial, monocyte and B-cell 
CD40. Ihrombin formation and inflanunatory stimulation set the stage for later tissue repair, but 
limitin g procoagulatory, prothrombotic actions of a dysfunctional vascular endothelium may be the goal 
25 of clinical interventions (for review Becker et aL (2000) Z Kardiol 89:160-167). 

The discovery of new enzymes, and the polyaucleotides encoding them, satisfies a need in the 
art by providing new compositions which are useful in the diagnosis, prevention, and treatment of 
immune system disorders, immune deficiencies, developmental disorders, metabolic disorders, smooth 
muscle disorders, neurological disorders, pulmonary disorders, parasitic infections, and cell proliferative 
30 disorders including cancer, and in the assessment of the effects of exogenous compounds on the 
expression of nucleic add and amino acid sequences of enzymes. 

SUMMARY OF THE INVENTION 
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The invention features purified polypeptides, enzymes, referred to collectively as ^TNZMS" and 
individually as ••NZMS-l," *'NZMS-2," 'TSrZMS-3," *mMS-4," ''NZMS-S," "NZMS-6," *1SrZMS-7," 
'•NZMS-8 "NZMS-9," "NZMS-10," and **NZMS-11." In one aspect, the invention provides an 
isolated polypeptide selected from the group consisting of a) a polypeptide comprising an amino acid 
sequence selected from the group consisting of SEQ ID NO:l-l 1, b) a polypeptide comprising a 
naturally occurring amino acid sequence at least 90% identical to an amino acid sequence selected 
from flxe group consisting of SEQ ID NO:l-ll, c) a biologicaUy active fragment of a polypeptide 
having an amino acid sequence selected from the group consisting of SEQ ID N0:l-1 1, and d) an 
immunogenic fragment of a polypeptide having an amino acid sequence selected from the group 
consisting of SEQ ID NO: 1-11. In one alternative, the invention provides an isolated polypeptide 
coBiprising the amino acid sequence of SEQ ID NO:l-ll. 

The invention further provides an isolated polynucleotide encoding a polypeptide selected from 
the group consisting of a) a polypeptide comprising an amino acid sequence selected from the group 
consisting of SEQ ID NO: 1-1 1, b) a polypeptide comprising a naturally occuning amino acid sequence 
at least 90% identical to an amino acid sequence selected from the group consisting of SEQ ID NO:l- 
11, c) a biologically active fragment of a polypeptide having an anqino acid sequence selected from the 
group consisting of SEQ ID NO:l-ll, and d) an immunogcaiic fragment of a polypeptide having an 
amino add sequeaice selected from the group consisting of SEQ ID NO:l-ll. In one alterniative, the 
polynucleotide encodes a polypeptide selected from the group consisting of SEQ ID NO:l-ll. In 
another alternative^, the polynucleotide is selected from the group consisting of SEQ ID NO:12-22. 

Additionally, the invention provides a recombinant polynucleotide comprising a promoter 
sequence operably linked to a polynucleotide encoding a polypeptide selected from the group 
consisting of a) a polypeptide comprising an amino acid sequence selected from the group consisting 
of SEQ ID NO:l-ll, b) a polypeptide comprising a naturally occurring amino acid sequence at least 
90% identical to an amino acid sequence selected from the group consisting of SEQ ID NO:l-l 1, c) a 
biologically active fragment of a polypeptide having an amino acid sequence selected from the group 
consisting of SEQ ID NO:l-l 1, and d) an immunogenic fragment of a polypeptide having an amino 
acid sequence selected from the group consisting of SEQ ID NO:l-l 1. In one alternative, the 
invention provides a cell tiransformed with the recombinant polynucleotide. In anoflier alternative, the 
invention provides a transgenic organism comprising the recombinant polynucleotide. 

The invention also provides a method for produdng a polypeptide selected from the group 
consisting of a) a polypeptide comprising an anaino acid sequence selected from the group consisting 
of SEQ ED NO:l-ll, b) a polypeptide comprising a naturally occurring ammo acid sequence at least 
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90% identical to an amino acid sequence selected jfrom the group consisting of SEQ ID N0:1-11, c) a 
biologically active fragment of a polypeptide having an amino acid sequence selected from the group 
consisting of SEQ ID NO: 1-1 1 , and d) an immunogenic fragment of a polypeptide having an amino 
acid sequence selected from the group consisting of SEQ ID NO: 1-11. The method comprises a) 
cultuiing a cell under conditions suitable for expression of the polypeptide, wherein said cell is 
transformed with a recombinant polynucleotide comprising a promoter sequence operably linked to a 
polynucleotide encoding the polypeptide, and b) recovemg the polypeptide so expressed. 

Additionally, the invention provides an isolated antibody which specifically binds to a 
polypeptide selected from the group consisting of a) a polypeptide comprising an amino add sequence 
selected from the group consisting of SEQ ID NO: 1-1 1, b) a polypeptide comprising a naturally 
occurring amino acid sequence at least 90% identical to an amino add sequence selected from the 
group consisting of SEQ ID NO:l-l 1 , c) a biologically active fragment of a polypeptide having an 
amino acid sequence selected from the group consisting of SEQ ID NO:l-ll, and d) an immunogenic 
fragment of a polypeptide having an amino acid sequence selected from flie group consisting of SEQ 
IDNO:l-ll. 

The invention further provides an isolated polynucleotide selected from the group consisting of 
a) a polynucleotide comprising a polynucleotide sequence selected from the group consisting of SEQ 
ID NO: 12-22, b) a polynucleotide comprising a naturally occurring polynucleotide sequence at least 
90% identical to a polynucleotide sequence selected from the groujp consisting of SEQ ID NO: 12-22, 
c) a polynucleotide complementary to the polynucleotide of a), d) a polynucleotide complementary to 
the polynucleotide of b), and e) an RNA equivalent of a>d). hi one alternative, the polynucleotide 
comprises at least 60 contiguous nucleotides. 

Additionally, the invention provides a method for detecting a target polynucleotide in a sample, 
said target polynucleotide having a sequence of a polynucleotide selected from the group consisting of 
a) a polynucleotide comprising a polynucleotide sequence selected from the group consisting of SEQ 
ID NO:12-22, b) a polynucleotide coii4>rising a naturally occurring polynucleotide sequence at least 
90% identical to a polynucleotide sequence selected from the group consisting of SEQ ID NO: 12-22, 
c) a polynucleotide complementary to the polynucleotide of a), d) a polynucleotide complementary to 
the polynucleotide of b), and e) an RNA equivalent of a)-d). The method comprises a) hybridizmg the 
sample with a probe comprising at least 20 contiguous nucleotides comprising a sequence 
complementary to said target polynucleotide in the sample, and which probe specifically hybridizes to 
said target polynucleotide, under conditions whereby a hybridization complex is formed between said 
probe and said target polynucleotide or fragments thereof, and b) detecting the presence or absence of 
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said hybridization complex, and optionally, if present, the amount fliereof. In one alternative, the probe 
comprises at least 60 contiguous nucleotides. 

The invention further provides a method for detecting a target pol3aiucleotide in a sample, said 
target polynucleotide having a sequence of a polynucleotide selected from the group consisting of a) a 
5 polynucleotide comprising a polynucleotide sequence selected from the group consisting of SEQ DD 
NO: 12-22, b) a polynucleotide comprising a naturally occurring polynucleotide sequence at least 90% 
identical to a polynucleotide sequence selected from the group consisting of SEQ ID NO:12-22, c) a 
polynucleotide complementary to the polynucleotide of a), d) a polynucleotide complementary to the 
polynucleotide of b), and e) an RNA equivalent of a)-d). The method comprises a) amplifying said 

10 target polynucleotide or fragment thereof using polymerase chain reaction amplification, and b) 
detecting the presence or absence of said amplified target polynucleotide or fragment thereof, and, 
optionaDy, if present, the amount thereof . 

The invention further provides a composition comprising an effective amount of a polypeptide 
selected from the group consisting of a) a polypeptide comprising an amino acid sequence selected 

15 firom the group consisting of SEQ ID NO:l-ll, b) a polypeptide comprising a naturally occurring 
amino acid sequence at least 90% identical to an amino acid sequence selected from the group 
consisting of SEQ ID NO: 1-1 1, c) a biologically active fragment of a polypeptide having an amino acid 
sequence selected from the group consistiiig of SEQ ID NO:l-ll, and d) an immunogenic fragment of 
a polypeptide having an amino acid sequence selected from the group consisting of SEQ ID NO: 1-1 1, 

20 arid a pharmaceutipally acceptable excipient In one embodiment, the composition comprises an amino 
acid sequence selected from the group consisting of SEQ ED NO: 1-11. The invention additionally 
provides a method of treating a disease or condition associated with decreased expression of . 
functional NZMS, comprising administering to a patient in need of such treatment the composition. 
The invention also provides a method for screening a compound for effectiveness as an 

25 agonist of a polypeptide selected from the group consisting of a) a polypeptide comprising an amino 
acid sequence selected from the group consisting of SEQ ID NO:l-ll, b) a polypeptide comprising a 
naturally occurring amino acid sequence at least 90% identical to an amino acid sequence selected 
from the group consisting of SEQ ID NO:l-ll, c) a biologically active fragment of a jwlypeptide 
having an amino acid sequence selected from the group consisting of SEQ ID NO:l-ll, and d) an 

30 immunogenic fragment of a polypeptide having an amino add sequence selected from the group 
consisting of SEQ ID NO:l-ll- The method comprises a) exposing a sample comprising the 
polypeptide to a compoimd, and b) detecting agonist activity in the sample. In one alternative, the 
invention provides a composition comprising an agonist compound identified by the method and a 
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phannac&utically acceptable excipient In another alternative, flie invention provides a method of 
treating a disease or condition associated with decreased egression of functional NZMS, comprising 
adininistering to a patient in need of such treatment the composition. 

Additionally, the invention provides a method for screening a compound for effectiveness as 
an antagonist of a polypeptide selected frpm the group consisting of a) a polypeptide comprising an 
anoino acid sequence selected from the group consisting of SEQ ID NO:l-ll, b) a polypeptide 
conqjrising a naturally occurring amino add sequence at least 90% identical to an amino add 
sequence selected from the group consisting of SEQ ID NO:l-ll, c) a biologically active fragment of 
a polypeptide having an amino acid sequence selected from the group consisting of SEQ ID NO:l-ll, 
and d) an immunogenic fragment of a polypeptide having an amino acid sequence selected from the 
group consisting of SEQ ID NO:l-ll. The method comprises a) exposing a sample comprising the 
polypeptide to a compound, and b) detectrog antagonist activity in the sample. In one alternative, the 
invention provides a composition comprising an antagonist compound identified by the method and a 
pharmaceutically acceptable excipient In another alternative, the invention provides a method of 
treating a disease or condition associated with overexpression of functional NZMS, comprising 
administering to a patient in need of such treatment the composition. 

The invention further provides a method of screening for a compound that specifically binds to 
a polypeptide selected from the group consisting of a) a polypeptide comprising an amino add 
sequence selected from the group consisting of SEQ ID NO:l-ll, b) a polypeptide comprising a 
naturally occurring amino acid sequence at least 90% identical to an amino acid sequence selected 
from the group consisting of SEQ ID NO:l-ll, c) a biologicaUy active Augment of a polypeptide 
having an amino acid sequence selected from the group consisting of SEQ ID NO:l-ll, and d) an 
immunogenic fii^gment of a polj^eptide having an amino add sequence selected fix>m flife group 
consisting of SEQ ID NO:l-ll. The method comprises a) combining the polypeptide with at least one 
test con^und under suitable conditions, and b) detecting binding of the polypeptide to the test 
compound, thereby identifjdng a compound that spedficatty bmds to the polypeptide. 

The invention further provides a method of screening for a compound that modulates the 
activity of a polypeptide selected from the group consisting of a) a polypeptide comprising an amnio 
acid sequence selected from the group consisting of SEQ ID NO:l-ll, b) a polypeptide comprising a 
naturally occurring amino acid sequence at least 90% identical to an amino acid sequence selected 
from the group consisting of SEQ ID NO: 1-1 1, c) a biologically active fragment of a polypeptide 
having an amino acid sequence selected from the group consisting of SEQ ID NO:l-l 1, and d) an 
inomunogenic fragment of a polypeptide having an amino add sequence selected from the group 
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consisting of SEQ ID NO:l-ll. The method comprises a) combining the polypeptide with at least one 
test compound under conditions pennissive for the activity of the polypeptide, b) assessing the activity 
of the polypeptide in the presence of the test compound, and c) comparing the activity of the 
polypeptide in the presence of the test compound with the activity of the polypeptide in the absence of 

5 the test compound, wherein a change in the activity of the polypeptide in the presence of the test 
compound is indicative of a compound that modulates the activity of the polypeptide. 

The invention further provides a method for screening a compound for effectiveness in 
altering expression of a target polynucleotide, wherein said target polynucleotide comprises a 
polynucleotide sequence selected from the group consisting of SEQ ID NO:12-22, the method 

10 comprising a) exposing a sample conoprising the target polynucleotide to a compound, b) detecting 
altered expression of flie target polynucleotide, and c) comparing the expression of the target 
polynucleotide in the presence of varying amoimts of the compound and in the abs^ce of the 
compoimd. 

The invention farther provides a method for assessing toxicity of a test conqiound, said 

15 method comprising a) treating a biolo^cal sample containing nucleic acids with the test compound; b) 
hybridi^g the nucleic acids of the treated biological sample with a probe comprising at least 20 
contiguous nucleotides of a polynucleotide selected from the group consisting of i) a polynucleotide 
comprising a polynucleotide sequence selected from the group consisting of SEQ ID NO: 12-22, ii) a 
polynucleotide comprising a naturally occurring polynucleotide sequence at least 90% identical to a 

20 polynucleotide sequence selected from the group consisting of SEQ ID NO: 12-22, iii) a polynucleotide 
having a sequence complementary to i), iv) a polynucleotide complementary to the polynucleotide of 
ii), and v) an RNA equivalent of i)-iv). Hybridization occurs under conditions whereby a specific 
hybridization complex is formed between said probe and a target polynucleotide in the biological 
sample, said target polynucleotide selected from the group consisting of i) a polynucleotide comprising 

25 a polynucleotide sequence selected from the group consisting of SEQ ID NO: 12-22, ii) a 

polynucleotide comprising a naturally occurring polynucleotide sequence at least 90% identical to a 
polynucleotide sequence selected from the group consisting of SEQ ID NO: 12-22, iii) a polynucleotide 
complementary to the polynucleotide of i), iv) a polynucleotide complementary to the polynucleotide of 
ii), and v) an KNA equivalent of i)-iv). Alternatively, the target polynucleotide comprises a fragment 

30 of a polynucleotide sequence selected from the group consisting of i)-v) above; c) quantifying the 

amount of hybridization complex; and d) comparing the amount of hybridization complex in the treated 
biological sample with the amount of hybridization complex in an untreated biological sample, wherein 
a difference in the amount of hybridization complex in the treated biological sample is indicative of 
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toxicity of the test compotmd. 

BRIEF DESCRIPTION OF THE TABLES 

Table I summarizes the nomenclature for the fiill length polynucleotide and polypeptide 
5 sequences of the present invention. 

Table 2 shows the GenBank identification number and annotation of the nearest GenBank 
homolog for polypeptides of the invention. The probability scores for the matches between each 
polypeptide and its homolog(s) are also shown. 

Table 3 shows stmctural features of polypeptide sequences of the invention, including 
predicted motifs and domams, along with flic methods, algorithms, and searchable databases used for 
analysis of the polypeptides. 

Table 4 lists the cDNA and/or genomic DNA fi"agments which were used to assemble 
polynucleotide sequences of the invention, along with selected fragments of the polynucleotide 
sequences. 

Table 5 shows the representative cDNA library for polynucleotides of the invention. 
Table 6 provides an appendix which describes the tissues and vectors used for construction of 
the cDNA libraries shown in Table 5. 

Table 7 shows the tools, programs, and algorithms used to analyze the polynucleotides and 
polypeptides of flie invention, along with applicable descriptions, rieferences, and threshold parameters. 

DES(3RIPTION OF THE INVENTION 
Before the present proteins, nucleotide sequences, and methods are described, it is understood 
that this invention is not limited to the particular machines, materials and methods described, as fliese 
may vary. It is also to he understood that the terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to limit the scope of the present invention which win 
be limited only by the appended claims. 

It must be noted that as used herein and in the appended claims, the singular forms "a," "an," 
and 'the" mclude plural reference unless the context clearly dictates otherwise. Thus, for example, a 
reference to "a host cell" includes a plurality of such host cells, and a reference to "an antibody" is a 
reference to one or more antibodies and equivalents thereof known to those skilled in the art, and so 
forth. 

Unless defined otherwise, all technical and scientific terms used herein have the same 
meanings as commonly understood by one of ordinary skill in the art to which tiais invention belongs. 
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Although any machines, materials,, and methods similar or equivalent to those described herein can be 
used to practice or test the present rovention, the preferred madbines, materials and methods are now 
described. All publications mentioned herein are cited for the purpose of describing and disclosing the 
cell lines, protocols, reagents and vectors which are reported in the publications and which might be 
5 used in connection with the iavention. Nothing herein is to be construed as an admission that the 
invention is not entitled to antedate such disclosure by virtue of prior iavention. 
DEFINITIONS 

**NZMS" refers to the amino acid sequences of substantially purified NZMS obtained from 
any species, particularly a mammalian species, including bovine, ovine, porcine, murine, equine, and 

10 human, and from any source, whether natural, synthetic, semi-synthetic, or recombinant. 

The term **agonisf ' refers to a molecule which intensifies or mimics the biological activity of 
NZMS. Agonists may include proteins, nucleic acids, carbohydrates, small molecules, or any other 
compound or composition which modulates the activity of NZMS either by directly interacting with 
NZMS or by acting on components of the biological pathway in which NZMS participates. 

15 An ''allelic variants is an alternative form of the gene encoding NZMS. Allelic variants may 

result firom at least one mutation in the nucleic acid sequence and may result in altered mKNAs or in 
polypeptides whose structure or function may or may not be altered. A gene may have none, one, or 
many allelic variants of its naturally occuning form. Common mutational changes which give rise to 
allelic variants are generally ascribed to natural deletions, additions, or substitutions of nucleotides. 

20 Each of these types of changes may occur alone, or in combination with the others, one or more times 
in a given sequence. 

"Altered" nucleic acid sequences encoding NZMS include those sequences with deletions, 
insertions, or substitutions of different nucleotides, resulting in a polypeptide the same as NZMS or a 
polypeptide with at least one functional characteristic of NZMS. Included within this definition are 

25 polymorphisms which may or may not be readily detectable using a particular oligonucleotide probe of 
the polynucleotide encoding NZMS, and improper or unexpected hybridization to allelic variants, with a 
locus other than the normal chromosotnal locus for the polynucleotide sequence encoding NZMS. The 
encoded protein may also be "altered," and may contain deletions, insertions, or substitutions of amino 
acid residues which produce a sUent change and result in a functionally equivalent NZMS. Deliberate 

30 amino acid substitutions may be made on the basis of similarity in polarity, charge, solubility, 

hydrophobicity, hydrophilicity, and/or the amphipathic nature of the residues, as long as the biological 
or immunological activity of NZMS is retained. For example, negatively charged amino acids may 
include aspartic acid and glutamic acid, and positively charged amino acids may include lysine and 
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arginine. Amino acids with uncharged polar side chains haviDg similar hydrophilicity values may 
include: asparagrne and glutamine; and serine and Ihreonrue. Amino acids with uncharged side chains 
having similar hydrophilicity values may include: leucine, isoleucine, and valine; glycine and alanine; 
and phenylalaniae and tyrosine. 

The terms ''amino acid" and "amino acid sequence" refer to an oligopeptide, peptide, 
polypeptide, or protein sequence, or a fragment of any of these, and to naturally occurring or synthetic 
molecules. Where "amino acid sequence" is recited to refer to a sequence of a naturally occurring 
protein molecule, "amino acid sequence" and like terms are not meant to limit the amino add sequence 
to the complete native amino acid sequence associated with the recited protein molecule. 

"Amplification" relates to the production of additional copies of a nucleic acid sequence. 
Amplification is generally carried out using polymerase chain reaction (PGR) technologies well known 
in the art 

The term "antagonist" refers to a molecule which inhibits or attenuates the biological activity 
of NZMS. Antagonists may include proteins such as antibodies, nucleic acids, carbohydrates, small 
molecules, or any other compoimd or composition which modulates the activity of NZMS either by 
directly interacting with NZMS or by acting on components of the biological pathway in which NZMS 
participates. 

The term "antibody'' refers to intact immunoglobulin molecules as well as to fragments 
thereof, such as Fab, F(ab')i, and Fv fragments, which are capable of binding an epitopic determinant 
Antibodies that biud NZMS polypeptides can be prepared using intact polypeptides or using fragments 
containing small peptides of interest as the immunizing antigen. The polypeptide or oligopeptide used 
to immunize an animal (e.g., a mouse, a rat, or a rabbit) can be derived from Ihe translation of RNA, 
or synthesized chemically, and can be conjugated to a carrier protein if desired. Commonly used 
carriers that are chemically coupled to peptides include bovine serum an>xmcdn, thyroglobulin, and 
ke^&ole limpet hemocyanin (KLBQ- The coupled peptide is then used to iTnTnu TiiTO flie animaL 

The term "antigenic determinanf * refers to that region of a molecule (i.e., an epitope) fliat 
makes contact with a particular antibody. When a protein or a fragment of a protein is used to 
immunize a host animal, numerous regions of the protein may induce the production of antibodies 
which bind specifically to antigenic determinants (particular regions or three-dimensional structures on 
the protein). An antigenic determinant may compete with the intact antigen (i.e., the immonogen used 
to elicit the immune response) for binding to an antibody. 

The term "aptamer" refers to a nucleic acid or oligonucleotide molecule that binds to a 
specific molecular target. Aptamers are derived from an in vitro evolutionary process (e.g., SELEX 
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(Systematic Evolatioii of Ligands by Exponential Enrichment), described in U.S. Patent No, 
5,270,163), which selects for target-specific aptamer sequences from large combinatorial libraries. 
Aptamer compositions may be double-stranded or single-stranded, and may include 
deoxyribonucleotides, ribonucleotides, nucleotide derivatives, or other nucleotide-like molecules. The 

5 nucleotide components of an aptamer may have modified sugar groups (e.g., the 2 -OH group of a 
ribonucleotide maybe replaced by 2 -F or 2 -NHj), which may improve a desired property, e.g., 
resistance to nucleases or longer lifetime in blood. Aptamers may be conjugated to other molecules, 
e-g., a high molecular weight carrier to slow clearance of the aptamer from the circulatory system. 
Aptamers maybe specifically cross-linked to their cognate ligands, e.g., by photo-activatioii of a 

10 cixjss-linker. (See, e.g., Brody, E.N. and L. Gold (2000) J, BiotechnoL 74:5-13.) 

The term "intramer^* refers to an aptamer which is expressed in vivo . For example, a vaccinia 
virus-based RNA expression system has been used to express specific RNA aptamers at high levels 
in the cytoplasm of leukocytes (Blrad, M. et al. (1999) Proc. Natl Acad. ScL USA 96:3606-3610). 
The term "spiegehnef refers to an aptamer which iacludes L-DNA, L-KNA, or other left- 

15 handed nucleotide derivatives or nucleotide-like molecules. Aptamers containiag left-handed 
nucleotides are resistant to degradation by naturally occurring en2ymes, which normally act on 
substrates containing right-handed nucleotides. 

The temi **antisense" refers to any composition capable of base-pairing with the "sense" 
(coding) strand of a specific nucleic acid sequence. Antisense compositions may include DNA; RNA; 

20 peptide nucleic acid (PNA); oligonucleotides having modified backbone linkages such as 

phosphorothioates, methylphosphonates, or benzylphosphonates; oligonucleotides having modified 
sugar groups such as 2 -methoxyethyl sugars or 2 -methoxyethoxy sugars; or oligonucleotides having 
modified bases such as 5-methyl cytosine, 2'-deoxyuracil, or 7-deaza-2 -deoxyguanosine. Antisense 
molecules may be produced by any method including chemical synthesis or transcription. Once 

25 introduced into a cell, the complementary antisense molecule base-pairs with a naturally occurring 
nucleic acid sequence produced by the ceU to form duplexes which block either transcription or 
translation. The designation "negative" or "minus" can refer to the antisense strand, and the 
designation "positive" or **plus" can refer to the sense strand of a reference DNA molecule. 

The term **biologically active" refers to a protein having structural, regulatory, or biochemical 

30 functions of a naturally occurring molecule. Likewise, "immunologically active" or "immunogenic" 
refers to the capability of the natural, recombinant, or synthetic NZMS, or of any oligopeptide thereof, 
to induce a specific immune response in appropriate animals or cells and to bind with specific 
antibodies. 
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"Coiiq)lementar/' desciibes the lelationship between two single-stranded nucleic add 
sequences tliat anneal by base-pairing. For example, 5 -AGT-3* pairs witb its complement, 
3'-TCA-5'. 

A "composition comprising a given polynucleotide sequence'' and a "composition comprising a 
given amino acid sequence" refer broadly to any composition containing the given polynucleotide or 
amino acid sequence. The composition may comprise a dry formulation or an aqueous solution. 
Compositions comprising polynucleotide sequences encoding NZMS or fragments of NZMS maybe 
employed as hybridization probes. The probes may be stored in freeze-dried form and may be 
associated with a stabilizing agent such as a carbohydrate. In hybridizations, the probe may be 
deployed in an aqueous sohitiLon containing salts (e.g., NaCl), detergents (e.g., sodmm dodecyl sulfate; 
SDS), and oflier components (e.g., Denhardf s solution, dry rniBc, salmon sperm DNA, etc.). 

''Consensus sequence" refers to a nucleic acid sequence which has been subjected to 
repeated DNA sequence analysis to resolve uncalled bases, extended using the XL-PCR kit (Applied 
Biosystems, Foster City CA) in the 5* and/or th& 3* direction, and resequenced, or whidi has been 
assembled from one or more overlapping cDNA, EST, or genoimc DNA fragments using a computer 
program for fragment assembly, such as the GELVBBW fragment assembty system (GCG, Madison 
WI) or Ehrap (University of Washington, Seattle WA). Some sequences have been both extended 
and assembled to produce the consensus sequence. 

"Conservative amino acid substitutions" are those substitutions that are predicted to least 
interfere wife the properties of the orignial protein, i.e., the stracture and especially the function of the 
protein is conserved and not significanffy changed by such substitutions. The table below shows amino 
acids which may be substitated for an original amino acid in a protein and which are regarded as 
conservative amino acid substitutions. 



Original Residue 


Conservative Substitution 


Ala 


Gly, Ser 


Arg 


His, Lys 


Asn 


Asp, Gin, His 


Asp 


Asn, Glu 


Cys 


Ala, Ser 


Ghi 


Asn, Glu, His 


Glu 


Asp, Ghi, Hfis 


Gly 


Ala 


His 


Asn, Arg, Ghi, Glu 


He 


Leu, Val 


Leii 


He, Val 


Lys 


Arg, Gin, Glu 


Met 


Leu, He 


Phe 


His, Met, Leu, Trp, Tyr 
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Ser Cys, Thr 

Tbr Ser, Val 

Txp . Phe,Tyr 
Tyr His, Phe, Tip 

Val lie. Leu, Tbr 



Conservative amino acid substitutions generaHy maintain (a) the structure of the polypeptide 
backbone in the area of the substitution, for example, as a beta sheet or alpha helical conformation, 
(b) the charge or hydrophobicity of ithe molecule at the site of the substitution, and/or (c) the bulk of 
the side chain. 

A "deletion" refers to a change in the amino acid or nucleotide sequence that results in the 
absence of one or more amino acid residues or nucleotides. 

The term "derivative" refers to a chemically modified polynucleotide or polypeptide. 
Chemical modifications of a polynucleotide can include, for example, replacement of hydrogen by an 
alkyl, acyl, hydroxyl, or amino group. A derivative polynucleotide encodes a polypeptide which retains 
at least one biological or immunological function of the natural molecule. A derivative polypeptide is 
one modified by glycosylation, pegylation, or any similar process that retams at least one biological or 
immunological function of the polypeptide fi:om which it was derived. 

A "detectable label" refers to a reporter molecule or enzyme that is capable of generating a 
measurable signal and is covalently or noncovalently jokied to a polynucleotide or polypeptide. 

"Differential expression" refers to increased or upregulated; or decreased, downregulated, or 
absent geaie or protein e:q>ression,deternnned by comparmg at Such 
comparisons maybe carried out between, for example, a treated and an untreated sample, or a 
diseased and a normal sample. 

*^xon shuffling" refers to the recombination of different coding regions (exons). Since an 
exon may represent a structural or functional domain of the encoded protein, new proteins maybe 
assembled through the novel reassortment of stable substructures, thus allowing acceleration of the 
evolution of new protein functions. 

A "fragment" is a unique portion of NZMS or the polynucleotide encoding NZMS which is 
identical in sequence to but shorter in length than the parent sequence. A fragment may comprise up 
to the entire length of the defined sequence, minus one nucleotide/amino acid residue. For example, a 
fr agment may comprise from 5 to 1000 contiguous nucleotides or amino acid residues. A fragment 
used as a probe, primer, antigen, therapeutic molecule, or for other purposes, maybe at least 5, 10, 15, 
16, 20, 25, 30, 40, 50, 60, 75, 100, 150, 250 or at least 500 contiguous nucleotides or amino acid 
residues in length. Fragments may be preferentially selected from certain regions of a molecule. For 
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example, a polypeptide fragment may comprise a certain length of contiguous amino acids selected 
from flie first 250 or 500 amino acids (or first 25% or 50%) of a polypeptide as shown in a certain 
defined sequence. Clearly these lengths are exemplary, and any length that is supported by the 
specification, including the Sequence listing, tables, and figures, maybe encompassed by the present 
embodiments. 

A fi*agment of SEQ ID NO: 12-22 compiises a region of unique polynucleotide sequence that 
specifically identifies SEQ ED NO: 12-22, for example, as distinct fi-om any other sequence in the 
genome from which the fragment was obtained. A fragment of SEQ ID NO: 12-22 is useful, for 
example, in hybridization and amplification technologies and in analogous methods that distinguish SEQ 
ID NO: 12-22 fi-om related polynucleotide sequences. The precise length of a fragment of SEQ ID 
NO: 12-22 and the region of SEQ ID NO: 12-22 to which the fragment corresponds are routinely 
determinable by one of ordinary skill in flie art based on the intended purpose for the fragment 

A fragment of SEQ ID NO:l-ll is encoded by a fragment of SEQ ID NO:12-22. A 
fi-agment of SEQ ID NO:l-l 1 conqirises a region of unique amino acid sequence that specifically 
identifies SEQ ID NO:l-ll. For example, a fi:aginent of SEQ ID NO:l-li is useful as an 
inomimogenic peptide for the development of antibodies that specifically recognize SEQ ID NO:l-l 1. 
The precise length of a firagment of SEQ ID NO:l-ll and the region of SEQ ID NO:l-ll to which 
the fragment corresponds are routinely determinable by one of ordinary skill in the art based on the 
intended purpose for the fiagment 

A **full length" polynucleotide sequence is one contahung at least a translation initiation codon 
(e.g., methionine) followed by an open reading fi-ame and a translation tenrdnation codon. A **full 
length" polynucleotide sequence encodes a 'full lengfli" polypeptide sequence. 

'Homology" refers to sequence similarity or, interchangeably, sequence identity, between two 
or more polynucleotide sequences or two or more polypeptide sequences. 

The terms '"percent identity" and "% identity," as applied to polynucleotide sequences, refer to 
the percentage of iresidue matches between at least two polynucleotide sequences aligned using a 
standardized algorithm. Such an algorithm may insert, in a standardized and reproducible way, gaps in 
the sequences being compared in order to optimize alignment between two sequences, and therefore 
achieve a more meaningful comparison of the two sequences. 

Percent identity between polynucleotide sequences may be determiaed using the default 
parameters of the CLUSTAL V algorithm as incorporated into the MEGAUGN version 3.12e 
sequence alignment program. This program is part of the LASERGENE software package, a suite of 
molecular biological analysis programs (DNASTAR, Madison WI). CLUSTAL V is described in 
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Baggins, D.G. and P.M. Sharp (1989) CABIOS 5:151-153 and in ffiggins, D.G. et al (1992) CABIOS 
8:189-191. For pairwise alignments of polynucleotide sequences, the default parameters are set as 
follows: Ktuple=2, gap penalty^S, window=4, and "diagonals saved"=4. The "weighted" residue 
weight table is selected as the default. Percent identity is reported by CLUSTAL V as the "percent 
5 similarity" between aligned polynucleotide sequences. 

Alternatively, a suite of commonly used and freely available sequence comparison algorithms 
is provided by the National Center for Biotechnology Information (NCBI) Basic Local Aligmnent 
Search Tool (BLAST) (Altschul, S.R et al. (1990) J. Mol. BioL 215:403-410), which is available from 
several sources, including the NCBI, Bethesda, MD, and on the Intemet at 
10 http://www.ncbLnlm.nih.gov/BIAST/. The BLAST software suite includes various sequence analysis 
programs including **blastn," that is used to align a Imown polynucleotide sequence with other 
polynucleotide sequences from a variety of databases. Also available is a tool called **BLAST 2 
Sequences" that is used for direct pairwise comparison of two nucleotide sequences. **BLAST 2 
Sequences" can be accessed and used interactively at http://www.ncbi.nlm.nih.gov/gor£^12.htmL Ihe 
15 **BLAST 2 Sequences" tool can be used for both blastn and blastp (discussed below). BLAST 

programs are commonly used with gap and other parameters set to default settings. For example, to 
compare two nucleotide sequences, one may use blastn with the ''BLAST 2 Sequences" tool Version 
2.0.12 (April-21-2000) set at default parameters. Such default parameters maybe, for example: 
Matrix: BLOSUM62 
20 Reward for match: 1 

Penalty for mismatclv -2 
Open Gap: 5 and Extension Gap: 2 penalties 
Gap X drop-off: 50 
Expect: 10 
25 Word Size: 11 

Filter: on 

Percent identity may be measured over the length of an entire defined sequence, for example, 
as defined by a particular SEQ ID number, or may be measured over a shorter length, for example, 
over the length of a fragment taken from a larger, defined sequence, for instance, a fragment of at 
30 least 20, at least 30, at least 40, at least 50, at least 70, at least 100, or at least 200 contiguous 

nucleotides. Such lengths are exemplary only, and it is understood that any fragment length supported 
by the sequences shown herein, in the tables, figures, or Sequence Listing, may be used to describe a 
length over which percentage identity may be measured. 
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Nucleic acid sequences that do not show a high degree of identity may nevertheless encode 
similar amino acid sequences due to the degeneracy of the genetic code. It is imderstood that changes 
in a nucleic acid sequence can be made using this degeneracy to produce multiple nucleic acid 
sequences that all encode substantially the same protein. 
5 The phrases "percent identity"' and "% identity," as applied to polypeptide sequences, refer to 

the percentage of residue matches between at least two polypeptide sequences aligned using a 
standardized algorithm. Methods of polypeptide sequence alignment are well-known. Some alignment 
methods take into account conservative amino acid substitutions. Such conservative substitutions, 
explained in more detail above, generally preserve the charge and.hy drophobicity at the site of 
10 substitution, thus preserving the stracture (and therefore function) of the pol3Tpeptide. 

Percent identity between polypeptide sequences may be determined using the default 
parameters of the GLUSTAL V algorithm as incorporated into the MEGALIGN version 3.126 
sequence alignment program (described and referenced above). For pairwise alignments of 
polypeptide sequences using CLUSTAL V, the default parameters are set as follows: Ktuple=l, gap 
15 penalty=3, window=5, and "diagonals saved"=5. The PAM250 matrix is selected as the default 
residue wei^t table. As wilh polynucleotide alignments, the percent identity is reported by 
CLUSTAL V as the **percenl similarity^* between aligned polypeptide sequence paits. 

Altematively the NCBI BLAST software suite may be used. For example, for a pairwise 
comparison of two polypeptide sequences, one may use the 'TBLAST 2 Sequences'* tool Version 
20 2.0.12 (April-21-2000) withblastp set at default parameters. Such default parameters maybe, for 
example: 

Matrix: BLOSUM62 

Open Gap: 11 and Extension Gap: 1 penalties 
Gap X drop-off: 50 
25 Expect: 10 . 

Word Size: 3 
Filter: on 

Percent identity may be measured over the length of an entire defined potypeptide sequence, 
for example, as defined by a particular SEQ ID number, or maybe measured over a shorter length, 
30 for example, over the length of a fragment taken from a larger, defined polypeptide sequence, for 
instance, a fragment of at least 15, at least 20, at least 30, at least 40, at least 50, at least 70 or at least 
150 contiguous residues. Such lengths are exemplary only, and it is understood lhat any fragment 
length supported by the sequences shown herein, in the tables, figures or Sequence Listing, may be 
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used to describe a lengQi over which percentage identity maybe measured. 

'liQman artificial diromosomes" QEIACs) are linear microchromosomes which may contain 
DNA sequences of about 6 Kb to 10 Mb in size and which contain all of the elements required for 
chromosome replication, segregation and maintenance. 
5 The term ^Tiumanized antibody" refers to an antibody molecule iq which the armno acid 

sequence in the non-antigen blading regions has been altered so that the antibody more closely 
resembles a human antibody, and still retains its original binding ability. 

^Hybridization" refers to the process by which a polynucleotide strand anneals with a 
complementary strand through base pairing under defined hybridization conditions. Specific 

10 hybridi2;ation is an indication that two nucleic acid sequences share a high degree of complementarity. 
Specific h^ridization complexes form under permissive annealing conditions and remedn hybridized 
after the ''washing*' step(s). The washing step(s) is particularly important in determining the 
stringency of the hybridization process, with more stringent conditions allowing less non-specific 
binding, i.e., binding between pairs of nucleic acid strands that are not perfectly matched. Permissive 

15 conditions for annealing of nucleic acid sequences are routinely determinable by one of ordinary skin in 
the art and maybe consistent among hybridization experiments, whereas wash conditions maybe 
varied among experiments to achieve the desired stringency, and therefore hj^ridization specificity. 
Permissive annealing conditions occur, for example, at 68°C in the presence of about 6 x SSC, about 
1% (w/v) SDS, and about 100 ;ig/ml sheared, denatured salmon sperm DNA. 

20 ' Generally, stringency of hybridization is expressed, in part, with reference to the temperature 
under which the wash step is carried out Such wash temperatures are typically selected to be about 

to 20®C lower than the thermal melting point (T^ for the specific sequence at a defined ionic 
strength and pH. The T,,, is the temperature (imder defined ionic strength and pH) at which 50% of 
the target sequence hybridizes to a perfectly matched probe. An equation for calculating T^ and 

25 conditions for nucleic acid hybridization are well known and can be found in Sambrook, J. et al. (1989) 
Molecular Cloning: A Laboratorv Manual . 2"** ed., voL 1-3, Cold Spring Harbor Press, Plainview NY; 
specifically see volume 2, chapter 9. 

High stringency conditions for hybridization between polynucleotides of the present invention 
include wash conditions of 68°C in the presence of about 0.2 x SSC and about 0.1% SDS, for 1 hour. 

30 Alternatively, temperatures of about 65°C, eO^'C, 55**C, or 42**C may be used. SSC concentration may 
be varied from about 0.1 to 2 x SSC, with SDS being present at about 0.1%. Typically, blocking 
reagents are used to block non-specific hybridization. Such blocking reagents include, for instance, 
sheared and denatured salmon sperm DNA at about 100-200 /xg/ml. Organic solvent, such as 
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formamide at a concentratioii of about 35-50% vAr, may also be used under particular ckcumstances, 
such as for RNA:DNA hybridizatious. Useful variations on these wash conditions win be readily 
apparent to those of ordinary skill in the art Hybridization, particularly under high stringency 
conditions, may be suggestive of evolutionary similarity between the nucleotides. Such similarity is 
strongly indicative of a similar role for the nucleotides and their encoded polypeptides. 

The term 'Tiybridization complex" refere to a complex formed between two nucleic acid 
sequences by virtue of the formation of hydrogen bonds between complementary bases. A 
hybridization complex may be formed ia solution (e.g. , Cot or Rot analysis) or formed between one 
nucleic acid sequence present in solution and another nucleic acid sequence immobilized on a solid 
support (e.g., paper, membranes, filters, chips, pins or glass slides, or any other appropriate substrate 
to which cells or their nucleic acids have been fixed). 

The words "insertion" and "addition" refer to changes in an amino acid or nucleotide 
sequence resulting in the addition of one or more amino acid residues or nucleotides, respectively. 

'Immune response" can refer to conditions associated with inflammalion, trauma, immune 
disorders, or infectious or genetic disease, etc. These conditions can be characterized by e:qpression 
of various factors, e.g., cytokines, cfaemoldnes, and other signaling molecules, which may affect 
cellular and sj^temic defense systems. 

An ''immunogenic fragmenf ' is a polypeptide or oligopeptide fragment of NZMS which is 
capable of eliciting an immune response when introduced into a living organism, for example, a 
mammaL The term "immunogenic fi*agment" also includes any polypeptide or oligopeptide fragment 
of NZMS which is useful in any of the antibody production methods disclosed herein or known in tiie 
art. 

The term "microarra/' refers to an arrangement of a plurality of polynucleotides, 
polypeptides, or other chemical compoimds on a substrate. 

Tlie terms "element" and "array elemenlf* refer to a polynucleotide, polypeptide, or other 
chemical compound having a unique and defined position on a microarray. 

Hie term "modulate" refers to a change in the activity of NZMS. For example, modulation 
may cause an increase or a decrease in protein activity, binding characteristics, or any other biological, 
functional, or inununological properties of NZMS. 

The phrases "nucleic acid" and "nucleic acid sequence" refer to a nucleotide, oligonucleotide, 
polynucleotide, or any fragment thereof. These phrases also refer to DNA or RNA of genomic or 
synthetic origin which may be single-stranded or double-stranded and may represent flie sense or the 
antisense strand, to peptide nucleic acid (PNA), or to any DNA-like or RNA-like material. 
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"Operably linked" refers to the situation in which a first nucleic acid sequence is placed in a 
functional relationship with a second nucleic acid sequence. For instance, a promoter is operably 
linked to a coding sequence if the prompter affects the transcription or e3q)ression of the coding 
sequence. Operably linked DNA sequences may be in close proximity or contiguous and, where 

5 necessary to join two protein coding regions, in the same reading frame. 

'Teptide nucleic acid" (PNA) refers to an antisense molecule or anti-gene agent which 
comprises an oligonucleotide of at least about 5 nucleotides in length linked to a peptide backbone of 
amino acid residues endiQg in lysine. The terminal lysine confers solubility to the composition. PNAs 
preferentially bind complementary single stranded DNA or RNA and stop transcript elongation, and 

10 may be pegylated to extend their lifespan in the cell. 

**Post-translational modification" of an NZMS may involve lipidation, glycosylation, 
phosphorylation, acetylation, racemization, proteolytic cleavage, and other modifications known in the 
art. These processes may occur synthetically or biochemically. Biochemical modifications will vary 
by cell type depending on the enzymatic milieu of NZMS. 

15 *Trobe" refers to nucleic acid sequences encoding NZMS, their complements, or fragments 

thereof, which are used to detect identical, allelic or related nucleic acid sequences. Probes are 
isolated oligonucleotides or polynucleotides attached to a detectable label or reporter molecule. 
Typical labels include radioactive isotopes, ligands, chemiluminescent agents, and enzymes. **Primers" 
are short nucleic acids, usually DNA oligonucleotides, which maybe annealed to a target 

20 polynucleotide by complementary base-pairing. The primer may then be extended along the target 
DNA strand by a DNA polymerase enzyme. Primer pairs can be used for amplification (and 
identification) of a nucleic acid sequence, e.g., by the polymerase chain reaction (PGR). 

Probes and primers as used in the present invention typically comprise at least 15 contiguous 
nucleotides of a known seqfuence. In order to enhance specificity, longer probes and primers may also 

25 be employed, such as probes and primers that comprise at least 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 
or at least 150 consecutive nucleotides of the disclosed nucleic acid sequences. Probes and primers 
may be considerably longer than these examples, and it is understood that any length supported by the 
specification, including the tables, figures, and Sequence Listing, may be used. 

Methods for preparing and using probes and primers are described in the references, for 

.30 example Sambrook, J. et al. (1989) Molecular C lmimyrt A T ^boratorv Manual , 2^^ ed., vol. 1-3 , Cold 
Spring Harbor Press, Plainview NY; Ausubel, F.M. et aL (1987) Current Protocols in Molecular 
Biology , Greene PubL Assoc. & Wiley-Intersciences, New York NY; Lmis, M. et al. (1990) PCR 
Protocols, A Guide to Methods and Applications , Academic Press, San Diego CA. PGR primer pairs 
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can be derived from a known sequence, for exan^le, by using computer programs intended for that 
purpose such as Primer (Version 0.5, 1991, Whitehead Institute for Biomedical Research, Cambridge 
MA). 

Oligonucleotides for use as primers are selected using software known in the art for such 
5 purpose. For example, OLIGO 4.06 software is usefiil for the selection of PGR primer pairs of up to 
100 nucleotides each, and for the analysis of oligonucleotides and larger polynucleotides of up to 5,000 
nucleotides from an input polynucleotide sequence of up to 32 kilobases. Similar primer selection 
programs have incorporated additional features for e^anded capabilities. For example, the PrimOU 
primer selection program (available to the public from the Genome Center at University of Texas 
10 South West Medical Center, Dallas TX) is capable of choosing specific primers from megabase 
sequences and is thus useftjl for designing primers on a genome- wide scope. The Primer3 primer 
selection program (available to the public fit>m the Whitehead histitute/MTT Center for Genome 
Research, Cambridge MA) allows the user to input a **mispriming library," in which sequences to 
avoid as primer binding sites are user-spedfied. PrimerS is usefiil, in particular, for ttie selection of 
15 oligonucleotides for microairays. (The source code for the latter two piimer selection programs may 
also be obtained from their respective sources and modified to meet the user's specific needs.) The 
PrimeGen program (available to the public from the UK Human Genome-Mapping Project Resource 
Centre, Cambridge UK) designs primers based on multiple sequence alignments, tihereby allowing 
selection of primers fliat hybridize to either the most conserved or least conserved regions of aligned 
20 nucleic acid sequences. Hence, this program is useful for identification of both unique and conserved 
oligonucleotides and polynucleotide fragments. The oligonucleotides and polynucleotide fragments 
identified by any of flie above selection methods are usefiil in hybridization technologies, for example, 
as PGR or sequencing primers, noicroarray elements, or spedfic probes to identify fully or partially 
complementary polynucleotides in a sample of nucleic acids. Methods of oligonucleotide selection are 
25 not limited to those described above. 

A "recombinant nucleic acid" is a sequence that is not naturally occurring or has a sequence 
that is made by an artificial combination of two or more otherwise separated segments of sequence. 
This artificial combination is often accomplished by chemical synthesis or, more connnonly, by the 
artificial naanipulation of isolated segments of nucleic acids, e.g., by genetic engineering techniques 
30 such as those described in Sambrook, supra . The tenn recombinant includes nucleic acids that have 
been altered solely by addition, substitution, or deletion of a portion of the nucleic acid. Frequently, a 
recombinant nucleic acid may include a nucleic acid sequence operably linked to a promoter sequence. 
Such a recombinant nucleic acid may be part of a vector that is used, for example, to transform a cell. 
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Alternatively, such recoidbiiiaiit nucleic acids maybe part of a viral vector, e.g., based on a 
vaccinia virus, that could be use to vaccinate a mammal wherein the recombinant nucleic acid is 
63q>ressed, inducing a protective immunological response in the manmiaL 

A "regulatory element" refers to a nucleic acid sequence usually derived from untranslated 
5 regions of a gene and includes enhancers, promoters, introns, and 5' and 3' untranslated regions 
(UTRs). Regulatory elements interact with host or viral proteins which control transcription, 
traoslation, or RNA stability. 

**Reporter molecules" are chemical or biochemical moieties used for labeling a nucleic acid, 
amino acid, or antibody. Reporter molecules include radionuclides; enzymes; fluorescent, 
10 chemiluminescent, or chromogenic agents; substrates; cofactors; inhibitors; magnetic particles; and 
other moieties known in the art 

An *TINA equivalent," in reference to a DNA sequence, is composed of the same linear 
sequence of nucleotides as the reference DNA sequence with the exception that all occurrences of 
the nitrogenous base thymine are replaced with uracil, and die sugar backbone is conq>osed of libose 
15 instead of deoxyribose. 

Hie term "sample" is used in its broadest sense. A sample suspected of containing NZMS, 
nucleic acids encoding NZMS, or fragments thereof may comprise a bodily fhiid; an extract from a 
cell, chromosome, organelle, or membrane isolated from a cell; a cell; genomic DNA, RNA, or cDNA, 
in solution or boimd to a substrate; a tissue; a tissue print; etc. 
20 / The terms "specific binding" and "specifically binding" refer to that interaction between a 
protein or peptide and an agonist, an antibody, an antagonist, a small molecule, or any natural or 
synthetic binding composition. The interaction is dependent upon the presence of a particular stracture 
of the protein, e.g., the antigenic determinant or epitope, recognized by the binding molecule. For 
example, if an antibody is specific for epitope "A," the presence of a polypeptide comprising the 
25 epitope A, or the presence of free unlabeled A, in a reaction containing free labeled A and the 
antibody will reduce the amount of labeled A that binds to the antibody. 

The term "substantially purified" refers to nucleic acid or amino acid sequences that are 
removed from their natural environment and are isolated or separated, and are at least 60% free, 
preferably at least 75% free, and most preferably at least 90% free from other components with 
30 which they are naturally associated. 

A "substitution" refers to the replacement of one or more amino acid residues or nucleotides 
by different amino acid residues or nucleotides, respectively. 

"Substrate" refers to any suitable rigid or semi-rigid support including membranes, filters. 
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chips, slides, wafers, fibers, magnetic or nomnagaetic beads, gels, tubing, plates, polymers, 
microparticles and capillaries. The substrate canbave 'a variety of surface forms, such as wells, 
trenches, pins, channels and pores, to which polynncleotides or polypeptides are bound. 

A **transcript image*' or "expression profile" refers to the coltectitve pattern of gene expression 
by a particular cell type or tissne under given conditions at a given time. 

'Transformation" describes a process by which exogenous DNA is introduced into a recipient 
cell. Transformation may occur under natural or artificial conditions according to various methods 
weU known in the art, and may rely on any known method for the insertion of foreign nucleic acid 
sequences into a prokaryotic or eukaryotic host cell. The method for transformation is selected based 
on the type of host cell being transformed and may include, but is not limited to, bacteriophage or viral 
infection, electroporation, heat shock, lipofection, and particle bombardment The term **transfoimed 
ceDs" includes stably transformed cells in which the inserted DNA is capable of replication eitbier as 
an autonomously repHcating plasmid or as part of the host chromosome, as well as transiently 
transformed cells which express the inserted DNA or RNA for limited periods of time. 

A "transgenic organism," as used herein, is any organism, including but not limited to anhnfllc 
and plants, in which one or more of the cells of the organism contains heterologous nucleic acid 
introduced by way of human intervention, such as by transgenic techniques well known in the art The 
nucleic acid is introduced into the cell, directly or indirectly by introduction into a precursor of the cell, 
by way of deliberate genetic manqmlation, such as by microinjection or by infection with a 
recombinant virus. The term genetic manipulation does not include classical cross-breeding, or in vitro 
fertilization, but rather is directed to the introduction of a recombinant DNA molecule. The transgenic 
organisms contemplated in accordance with the present invention include bacteria, cyanobacteria, 
fungi, plants and anunals. The isolated DNA of the present invention can he introduced into the host 
by methods known in the art, for example infection, transfection, transformation or transconjugation. 
Techniques for transferring the DNA of the present invention into such organisms are widely known 
and provided in references such as Sambrook et aL (1989), supra . 

A 'Variant" of a particular nucleic acid sequence is defined as a nucleic acid sequence having 
at least 40% sequence identity to the particular nucleic acid sequence over a certain length of one of 
the nucleic acid sequences using blastn with the "BLAST 2 Sequences" tool Version 2.0.9 (May-07- 
1999) set at default parameters. Such a pair of nucleic acids may show, for example, at least 50%, at 
least 60%, at least 70%, at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 
93 %, at least 94%, at least 95 %, at least 96%, at least 97 %, at least 98%, or at least 99% or greater 
sequence identity over a certain defined length. A variant may be described as, for example, an 
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"allelic" (as defined above), "splice," "species," or "polymorplric" variant. A splice variant may have 
significant identity to a reference molecule, but will generally have a greater or lesser number of 
polynucleotides due to alternate spliciug of exons during mRNA processing. The corresponding 
polypeptide may possess additional functional domains or lack domains that are present ra the 

5 reference molecule. Species variants are polynucleotide sequences that vary from one species to 

another. The resulting polypeptides wiU generally have significant amino acid identity relative to each 
other. A polymorphic variant is a variation in the polynucleotide sequence of a particular gene 
between individuals of a given species. Polymorphic variants also may encompass "single nucleotide 
polymorphisms" (SNPs) in which the polynucleotide sequence varies by one nucleotide base. The 

10 presence of SNPs may be indicative of, for example, a certain population, a disease state, or a 
propensity for a disease state. 

A **variant" of a particular polypeptide sequence is defined as a polypeptide sequence having 
at least 40% sequCT^ce identity to the particular polypeptide sequence over a certain length of one of 
the polypeptide sequences using blastp with the **BLAST 2 Sequences" tool Version 2.0.9 (May-07- 

15 1999) set at default parameters. Such a pair of polypeptides may show, for example, at least 50%, at 
least 60%, at least 70%, at least 80%, at least 90%, at least 91%, at least 92%, at least 93%, at least 
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% or greater sequence 
identity over a certain defined length of one of the polypeptides. 

THE INVENTION 

20 The invention is based on the discovery of new human enzymes (NZMS), the polynucleotides 

encoding N21MS, and the use of these compositions for ib& diagnosis, treatment, or prevention of 
immune system disorders, iomiune deficiencies, developmental disorders, metabolic disorders, smooth 
muscle disorders, neurological disorders, pulmonary disorders, parasitic infections, and ceU proliferative 
disorders including cancer. 

25 Table 1 summarizes the nomenclature for the fiill length polynucleotide and polypeptide 

sequences of the invention. Each polynucleotide and its corresponding polypeptide are correlated to a 
single Incyte project identification number (Incyte Project ID). Each polypeptide sequence is denoted 
by both a polypeptide sequence identification number (Polypeptide SEQ ID NO:) and an Incyte 
polypeptide sequence number (Incyte Polypeptide ID) as shown. Each polynucleotide sequence is 

30 denoted by both a polynucleotide sequence identification number (Polynucleotide SEQ ID NO:) and an 
Incyte. polynucleotide consensus sequence number (Incyte Polynucleotide ID) as shown. 

Table 2 shows sequences with homology to the polypeptides of the invention as identified by 
BLAST analysis against the GenBank protein (genpept) database. Columns 1 and 2 show the 
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polypeptide sequence identification number (Polypeptide SEQ ID NO:) and the corresponding Ihcyte 
polypeptide sequence number (Incyte Polypeptide ID) for polypeptides of the invention. Column 3 
shows the GenBank identification number (GenBank ID NO:) of the nearest GenBank homolog. 
Cohunn 4 shows the probability scores for the matches between each polypeptide and its hbmolog(s). 
Column 5 shows the aimotation of the GenBank homolog(s) along with relevant citations where 
applicable, all of which are expressly incorporated by reference herein. 

Table 3 shows various structural features of the polypeptides of the inventioa Cohimns 1 and 

2 show the polypeptide sequence identification number (SEQ ID NO:) and the corresponding Incyte 
polypeptide sequence number (Incyte Polypeptide ID) for each polypeptide of the invention. Cohmm 

3 shows the number of amino acid residues in each polypeptide. Column 4 shows potential 
phosphorylation sites and potential glycosylation sites, as determined by the MOTIFS program of the 
GCG sequence analysis software package (Genetics Computer Group, Madison WI), as well as amino 
acid residues comprdsing signature sequences, domains, and motifs. Column 5 shows analytical 
methods for protein structure/function analysis and in some cases, searchable databases to which the 
anal^cal methods were applied. ^ 

Together, Tables 2 and 3 summarize the properties of polypeptides of the invention, and tiiese- 
properties establish that the claimed polj^ptides are enzymes. 

For example, SEQ ID NO:3 is 64% identical, from residue Piss to residue S297, to 
Arabidopsis thaliana para-hydroxy benzoate polyprenyl diphosphate transferase (GenBank ID 
gl2082328) as determined by the Basic Ix)cal Alignment Search Tool (PIAST^. (See Table 2.) The 
BLAST probabilily score is 1.6e-78, which indicates the probability of obtaining flie observed 
polypeptide sequence alignment by chance. SEQ ID NO:3 also contains an UbiA prenyltransferase 
family domain as determined by searching for statistically significant matches in the hidden Markov 
model (HMM>based PFAM database of conserved protein family domiains. (See Table 3.) 

As another exan^le, SEQ ID NO:4 is 55% identical, from residne Q44 to residue C377, to 
human beta-l,3-N-acetylgJucosaminyltransferasebGnT-3 (GenBank ID gl2619296) as determined by 
the Basic Local Alignment Search Tool (BLAST). (See Table 2.) The BLAST probability score is 
7.14e-94, which indicates the probability of obtaining the observed polypeptide sequence alignment by 
chance. SEQ ID NO:4 also contains a glycosyltransferase domain as determined by searching for 
statistically significant matches in the hidden Markov model (HMM)-based PFAM database of 
conserved protein family domains. (See Table 3.) 

As another example, SEQ ID NO:5 is 41% identical, from residne P66 to residue V483, to 
aerobic yeast [Khiyveromyces lactis] D-lactate dehydrogenase (cytochrome) (GenBank ID g602029) 
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as determined by the Basic Local AKgrnnent Search Tool (BLAST). (See Table 2.) The BLAST 
probability score is 8.9e-87, which indicates the probability of obtaicing the observed polypeptide 
sequence alignment by chance, SEQ ID NO:5 also contains a FAD binding domain as determined by 
searching for statistically signijacant matches in the hidden Markov model (HMM)-based PFAM 
5 database of conserved protein family domakis. (See Table 3.) 

As another example, SEQ ID NO:7 is 50% identical, from residue P27 to residue E508, to 
Orvdtolagns cuniculus lactase-phlorizin hydrolase (GenBank ID g415865) as determined by the Basic 
Local Aligmnent Search Tool (BLAST). (See Table 2.) The BLAST probability score is 3.1e-131, 
which indicates the probability of obtaining the observed polypeptide sequence aKgnment by chance. 
10 SEQ ID NO:7 also contains a glycosyl hydrolase faixiily 1 domain as detemnned by searching for 
statistically significant matdies in the hidden Markov model (HMM)-based PFAM database of 
conserved protein family domains. (See Table 3.) Data firom BLIMPS, PROHLBSCAN, MOTIFS, 
and additional BLAST analyses provide further corroborative evidence that SEQ ID NO:7 is a 
glycosyl hydrolase. 

15 As another example, SEQ ID NO:8 is 99% identical, firom residue Ml to residue G287, to 

human carbonic anhydrase 14 (GenBank ID g6009640) as determined by the Basic Local Alignment 
Search Tool (BLAST). (See Table 2.) The BLAST probability score is 4.5e-156, which indicates the 
probability of obtaining the observed polypeptide sequence alignment by chance. SEQ ID N0:8 also 
contains a eukaryotic-type carbonic anhydrase domain as determined by searching for statistically 

20 significant matches in the hidden Marlsiov model (HMM)-based PFAM database of conserved protein' 
family domains. (See Table 3.) Data from BLIMPS, PROELLESCAN and additional BLAST 
analyses provide further corroborative evidence that SEQ ID NO:8 is a carbonic anhydrase. 

As another example, SEQ ID NO:9 is 85% identical, from residue Ml to residue L554, to Bos 
taurus UDP_Gal NAC: polypeptide N-acetylgalactosaminyl transferase (GenBank ID g289412) as 

25 determined by the Basic Local Alignment Search Tool (BLAST). (See Table 2.) The BLAST 

probability score is 4.9e-269, whicli indicates the probability of obtaining the observed polypeptide 
sequence alignment by chance. SEQ ID NO:9 also contains a glycosyl transferase domain as 
determined by searching for statistically significant matches in the hidden Markov model (HMM)- 
based PFAM database of conserved proteiu family domains. (See Table 3.) Data from BUMPS and 

30 additional BLAST analyses provide fiirflier corroborative evidence that SEQ ID NO:9 is a glycosyl 
transferase. 

SEQ ID NO: 1-2, SEQ ID NO:6, and SEQ ID NO: 10-11 were analyzed and annotated in a 
similar manner. The algorithms and parameters for the analysis of SEQ ID N0:1-11 are described in 
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Table?. 

As shown in Table 4, the fall length polynucleotide sequences of the present mvention were 
assembled using cDNA sequences or coding (exon) sequences derived from genomic DNA, or any 
combination of these two types of sequences. Column 1 lists the polynucleotide sequence 
identification number (Polynucleotide SBQ ID NO:), the corresponding Incyte polynucleotide 
consensus sequence number (Incyte ID) for each polynucleotide of the invention, and the length of 
each polynucleotide sequence in basepairs. Coluron 2 shows the nucleotide start (5') and stop (3') 
positions of the cDNA and/or genomic sequences used to assemble the fall length polynucleotide 
sequences of the invention, and of fragments of the polynucleotide sequences which are usefal, for 
example, in hybridization or amplification technologies that identify SEQ ID NO:12-22 or that 
distinguish between SEQ ID NO: 12-22 and related polynucleotide sequences. 

The polynucleotide fragments described in Column 2 of Table 4 may T&fer specaficaDy, for 
example, to Incyte cDNAs derived jfrom tissue-specific cDNA libraries or fiom pooled cDNA 
libraries. Alternatively, the polynucleotide fragments described in column 2 may refer to GenBahk 
cDNAs or ESTs which contributed to the assembly of the fall length polynucleotide sequences. In 
addition, the polynucleotide firagmeiits described in column 2 may identify sequences derived fit>m the 
ENSEMBL (The Sanger Centre, Cambridge, UK) database (Le. , those sequences including the 
designation •'ENST'). Alternatively, the polynucleotide fragments described in cohmm 2 may be 
derived firom the NCBI RefSeq Nucleotide Sequence Records Database (Le., those sequences 
including the designation or ''NT') or the NCBI RefSeq Protein Sequence Records (i.e., those 

sequences including the designation 'T^O- Alternatively, the polynucleotide fiagments described in 
cotamn 2 may refer to assemblages of both cDNA and Genscan-predicted exons brought together by 
an "exon stitching"' algoriflm. For example,-a polynucleotide sequence identified as 
I5-_XOaaaCJV^ JNT^I^^ represents a "stitched" sequence in which XXXXXX is the 

identification number of the cluster of sequences to which the algorithm was applied, and ITOTis the 
number of the prediction generated by the algorithm, and Nj^^^^ ^ if present, represent specific exons 
that may have been manually edited during analysis (See Example V). Alternatively, the 
polynucleotide fragments in column 2 may refer to assemblages of exons brought together by an 
"exon-stretching" algorithm. For example, a polynucleotide sequence identified as 
FLJOOOOiX^.,gAAAAA_gBBBBB_l_N is a "s^tched" sequence, with JCCCCCf being the Incyte 
project identification number, gAAAAA being the GenBank identification number of the human 
genomic sequence to which the "exon-stretching" algorithm was applied, gBBBBB being the GenBank 
identification number or NCBI RefSeq identification number of the nearest GenBank protein liomolog. 
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and N referring to specific ex.ons (See Example V). In instances where a RefSeq sequence was used 
as a protein homolog for the "exon-stretching" algorithm, a RefSeq identifier (denoted by *TNM," 
*TSJP;' or 'TSrr •) may be used in place of the GenBank identifier iue. , gBBBBB).] 

Alternatively, a prefix identifies component sequences that were hand-edited, predicted firom 
5 genomic DNA sequences, or derived from a combination of sequence analysis methods. The 

following Table lists examples of component sequence prefixes and corresponding sequence analysis 
methods associated with the prefixes (see Example IV and Example V). ' 



Prefix 


Type of analysis and/or examples of programs 


am, GFG, 

ENST 


^on prediction from genoxnic sequences using, for exsanpis, 
GENSCAN (Stanford University, CA, USA) or FGENES 
(Computer Genomics Group, The Sanger Centre, Cambridge, UK) 


GBI 


Hand-edited analysis of genomic sequences. 


EL 


Stitched or stretched genomic sequences (see Example V). 


INCY 


Full length transcript and exon prediction from mapping of EST 
sequemces to the genome. Genomic location and EST composition 
data are combined to predict the exons and resulting transcript 



15 hi some cases, Incyte cDNA coverage redundant with the sequence coverage shown in 

Table 4 was obtained to confirm the final consensus polynucleotide sequence, but the relevant Incyte 
cDNA identification numbers are not shown. 

Table 5 shows the representative cDNA libraries for those full length polynucleotide 
sequences which were assembled using Incyte cDNA sequences. The representative cDNA library 

20 is the Incyte cDNA library which is most frequently represented by the Incyte cDNA sequences 
which were used to assemble and confirm the above polynucleotide sequences. The tissues and 
vectors which were used to construct the cDNA libraries shown in Table 5 are descdbed in Table 6. 

The invention also encompasses NZMS variants. A preferred NZMS variant is one which 
has at least about 80%, or alternatively at least about 90%, or even at least about 95% amino acid 

25 sequence identity to the NZMS amino acid sequence, and which contains at least one functional or 
stractural characteristic of NZMS. 

The invention also encompasses polynucleotides which encode NZMS. In a particular 
embodiment, the invention encompasses a polynucleotide sequence comprising a sequence selected 
from the group consisting of SEQ ID NO: 12-22, wMch encodes NZMS. The polynucleotide 

30 sequences of SEQ ID NO; 12-22, as presented in the Sequence Listing, embrace the equivalent RNA 
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sequences, wherein occurrences of the nitrogenous base thymine are replaced with uracil, and the 
sugar backbone is composed of ribose instead of deoxyiibose. 

Hie invention also encompasses a variant of a polynucleotide sequence encoding NZMS. In 
particular, such a variant polynucleotide sequence will have at least about 70%, or alternatively at least 
about 85%, or even at least about 95% polynucleotide sequence identity to the polynucleotide 
sequence encoding NZMS. A particular aspect of the invention encompasses a variant of a 
polynucleotide sequence comprising a sequence selected from the group consisting of SEQ ID NO:12- 
22 which has at least about 70%, or alternatively at least about 85%, or even at least about 95% 
polynucleotide sequence identity to a nucleic acid sequence selected from the group consisting of SEQ 
ID NO: 12-22. Any one of the polynucleotide variants described above can encode an amino acid 
sequence which contains at least one functional or structural characteristic of NZMS. 

In addition, or in the alternative, a polynucleotide variant of flie invention is a splice variant of a 
polynucleotide sequence encoding NZMS. A splice variant may have portions which have significant 
sequence identity to the polynucleotide sequence encoding NZMS, but win generally have a greater or 
lesser number of polynucleotides due to additions or deletions of blocks of seqnence arising from 
rftemate splicing of exons during mRNA processing. A splice variant may have less than about 70%,. 
or alternatively less than about 60%, or alternatively less than about 50% polynucleotide sequence 
identity to the polynncleotide sequence encoding NZMS over its entire length; however, portions of the 
splice variant will have at least about 70%, or alternatively at least about 85%, or alternatively at least 
about 95%, or alternatively 100% polynucleotide sequence identity to portions of the polynucleotide 
sequence encoding NZMS. Any one of Ihe splice variants described above can encode an amino acid 
seqnence which contaios at least one functional or structural characteristic of NZMS. 

It wiQ be apprecdated by those skilled in the art that as a result of the degeneracy of the 
genetic code, a multitude of polynucleotide sequences encoding NZMS, some bearing minimal 
sinoilarity to the polynucleotide sequences of any known and naturally occurring gene, may be 
produced. Thns, the invention contemplates each and every possible variation of polynucleotide 
sequence that could be made by selecting coiribinations based on possible codon choices. These 
combinations are made in accordance with the standard triplet genetic code as applied to the 
polynucleotide sequence of naturally occurring NZMS, and all such variations are to be considered as 
being specifically disclosed. 

Although nucleotide sequences which encode NZMS and its variants are generally capable of 
hybridizing to the nucleotide sequence of the naturally occurring NZMS under appropriately selected 
conditions of stringency, it maybe advantageous to produce nucleotide sequences encoding NZMS or 
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its derivatives possessing a substantially different codonnsage, e.g., inclusion of non-naturally 
occurring codons. Codons may be selected to increase the rate at which e^^ression of the peptide 
occurs in a particular prokaryotic or eukaryotic host in accordance with the frequency with which 
particular codons are utilized by the host Other reasons for substantially altering the nucleotide 

5 sequence encoding NZMS and its derivatives without altering the encoded amino acid sequences 

include the production of RNA transcripts having more desirable properties, such as a greater half-life, 
than transcripts produced from the naturally occurring sequence. 

The invention also encompasses production of DNA sequences which encode NZMS and 
NZMS derivatives, or fragments thereof, entirely by synthetic chemistry. After production, the 

10 synthetic sequence may be inserted into any of the many available e^qpression vectors and cell systems 
using reagents weB known in the art. Moreover, synthetic chemistry may be used to introduce 
mutations into a sequence encoding NZMS or any fragment thereof. 

Also encompassed by the invention are polynucleotide sequences that are capable of 
hybridizing to the claimed polynucleotide sequences, and, in particular, to those shown in SEQ ID 

15 NO:12-22 and fragments thereof under various conditions of stringency. (See, e.g., Wahl, G.M. and 

S.L. Berger (1987) Methods EnzymoL 152:399-407; Kimmel, A.R. (1987) Methods Enzymol 152:507- 
511.) Hybridization conditions, including annealing and wash conditions, are described in *T3ejBnitions." 

Methods for DNA sequencing are well known in the art and may be used to practice any of 
the embodiments of the invention. The methods may employ such enzymes ais the Elenow fragment 

20 of DNA polymerase I, SEQUENASE (US Biochemical, Qeveland OH), Taq polymerase (Applied 
Biosystems), thermostable T7 polymerase (Amersham Hiarmacia Biotech, Hscataway NJ), or 
combinations of polymerases and proofreading exonucleases such as those found in the ELONGASE 
amplification system (Life Technologies, Gaithersburg MD). Preferably, sequence preparation is 
automated with machmes such as the MICROLAB 2200 liquid transfer system OHamilton, Reno NV), 

25 PTC200 thermal cycler (MJ Research, Waterto wn MA) and ABI CATALYST 800 thermal cycler 
(Applied Biosystems). Sequencing is then carried out usrag either the ABI 373 or 377 DNA 
sequencing system (Applied Biosystems), the MEGABACE 1000 DNA sequencing system 
(Molecular Dynamics, Sunnyvale CA), or other systems known ia the art The resulting sequences 
are analyzed usiDg a variety of algorithms which are welllmown in the art (See, e.g., Ausubel, RM. 

30 (1997) Short Protocols in Molecular Biology . John Wiley & Sons, New York NY; unit 7.7 ; Meyers, 
R.A. (1995) Molecular Biology and Biotechnology . Wiley VOi, New York NY, pp. 856-853.) 

The nucleic acid sequences encoding NZMS may be extended utilizing a partial nucleotide 
sequence and employing various PCR-based methods known in the art to detect upstream sequences, 
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such as promoters aad regalatoiy elements. For example, one method which may be employed, 
restriction-site PGR, uses universal and nested primers to amplify UDknown sequence from genomic 
DNA within a cloning vector. (See, e.g., Sarkar, G. (1993) PGR Methods Applic. 2:318-322.) 
Another method, inverse PCIR, uses primers that extend in divergent directions to amplify unknown 
5 sequence from a circularized template. The template is derived from restriction fragments comprising 
a known genomic locus and surroundmg sequences. (See, e.g., Triglia, T. et al. (1988) Nucleic Acids 
Res. 16:8186.) A third method, capture PGR, involves PGR amplification of DNA fragments adjacent 
to known sequences in human and yeast artificial chromosome DNA. (See, e.g., Lagerstrom, M. et 
al. (1991) PGR Methods Applic. 1:111-119.) In this method, multiple restriction enzyme digestions and 
10 ligations may be used to insert an engineered double-stranded sequence into a region of unkaown 
sequence before peifomiing PGR Other methods which may be used to retrieve unknown sequences 
are known m the art (See, e.g., Parker, J.D. et aL (1991) Nucleic Acids Res. 19:3055-3060). 
AdditionaHy, one may use PGR, nested primers, and PROMOTERFINDER libraries (Qontech, Palo 
Alto CA) to walk genomic DNA. This procedure avoids the need to screen libraries and is useful in 
15 finding intron/exon junctions. For all PGR-based methods, primers may be designed using 
conmnerdially available software, such as OIIGO 4.06 primer analysis software (National 
Biosciences, Plymouth MN) or another appropriate program, to be about 22 to 30 nucleotides in length, 
to have a GG content of about 50% or moie, and to anneal to the template at temperatures of about 
68°Gto72''G. 

20 When screening for ftill length cDNAs, it is preferable to use libraries that have been 

size-selected to include larger cDNAs. In addition, random-primed libraries, which often include 
sequences containing the 5' regions of genes, are preferable for situations in which an oligo d(T) 
library does not yield a fiall-lengfh cDNA. Genomic libraries may be useftil for extension of sequence 
into 5' non-transcribed regulatory regions. 

25 CapiHaiy electrophoresis systems which are commercially available may be used to analyze 

the size or confirm the nucleotide sequence of sequencing or PGR products. In particular, capillary 
sequencing may employ flowable polymers for electrophoretic separation, four different nucleotide- 
specific, laser-stimulated fluorescent dyes, and a charge coupled device camera for detection of the 
emitted wavelengths. Output/light intensity may be converted to electrical signal using appropriate 

30 software (e.g., GENOTYPER and SEQUENCE NAVIGATOR, Applied Biosystems), and flie entire 
process from loading of samples to computer analysis and electronic data display may be computer 
controlled. Capillary electrophoresis is especially preferable for sequencing small DNA fragments 
which may be present in limited amounts in a particular sample. 
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In another embodiment of the invention, polynucleotide sequences or fragments thereof which 
encode NZMS maybe cloned in recombinant DNA molecules that direct expression of NZMS, or 
fragments or functional equivalents thereof, in appropriate host cells. Due to the inherent degeneracy 
of the genetic code, other DNA sequences which encode substantially the same or a functionally 

5 equivalent amino acid sequence may be produced and used to express NZMS. 

The nucleotide sequences of the present invention can be engineered using methods generally 
known in the art in order to alter NZMS-encoding sequences for a variety of purposes including, but 
not limited to, modification of the cloning, processiag, and/or expression of the gene product DNA 
shuffling by random fragmentation and PGR reassembly of gene fragments and synthetic 

10 oligonucleotides may be used to engineer the nucleotide sequences. For example, oligonucleotide- 
mediated site-directed mutagenesis maybe used to introduce'mutations that create new restriction 
sites, alter glycosylation patterns, change codon preference, produce splice variants, and so forth. 

The nucleotides of the present invention may be subjected to DNA shufQiDg techniques such 
as MOLECXILARBREEDING (Maxygen Inc., Santa Qara CA; described in U.S. Patent No. 

15 5,837,458; Chang, C.-C. et aL (1999) Nat Biotechnol. 17:793-797; Christians, RC. et al. (1999) Nat. 
BiotechnoL 17:259-264; and Crameri, A. et aL (1996) Nat Biotechnol. 14:315-319) to alter or improve 
the biological properties of NZMS, such as its biologicalor enzymatic activity or its ability to bind to 
oflier molecules or compounds. DNA shufOing is a process by which a library of gene variants is 
produced using PCR-mediated recombination of gene fragments. The library is then subjected to 

20 selection or screening procedures that identify those gene variants with the desired properties. These 
preferred variants may then be pooled and further subjected to recursive rounds of DNA shu ff l ing and 
selection/screening. Thus, genetic diversity is created through "artificial" breeding and rapid molecular 
evolution. For example, fragments of a single gene containing random point mutations may be 
recombined, screened, and then reshuffled until the desired properties are optimized. Alternatively, 

25 fragments of a given gene may be recombined with fragments of homologous genes hx the same gene 
family, either from the same or different species, thereby maximizing the genetic diversity of multiple 
naturally occurring genes in a directed and controllable manner. 

In another embodiment, sequences encoding NZMS may be synthesized, in whole or in part, 
using chemical methods well known in tiie art (See, e.g., Caruthers, M.H. et al. (1980) Nucleic Acids 

30 Symp. Ser. 7:215-223; and Horn, T. et al. (1980) Nucleic Acids Symp. Ser. 7:225-232.) Alternatively, 
NZMS itself or a fragment thereof may be synthesized using chemical methods. For example, peptide 
synthesis can be performed using various solution-phase or solid-phase techniques. (See, e.g., 
Creighton, T. (1984) Proteins, Structures and Molecular Properties . WH Freeman, New York NY, pp. 
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55-60; and Roberge, J.Y. et al (1995) Science 269:202-204.) Automated synthesis maybe achieved 
using flie ABI 431 A peptide synthesizer (Applied Biosystems). Additionally, the amino acid sequence 
of NZMS, or any part thereof, may be altered during direct synthesis and/or combined with sequences 
from other proteins, or any part thereof, to produce a variant polypeptide or a pol3rpeptide having a 
5 sequence of a naturally occurring polypeptide. 

The peptide may be substantially purified by preparative hi^ performance liquid 
chroiriatography. (See, e.g., Chiez, R.M. and RZ. Regnier (1990) Methods EnzymoL 182:392-421.) 
The composition of the synthetic peptides may be confirmed by amino acid analysis or by sequencing. 
(See, e.g., Creighton, supra, pp. 28-53.) 
10 In order to express a biologically active NZMS, the nucleotide sequences encoding NZMS or 

derivatives thereof may be inserted into an appropriate expression vector, i.e., a vector which contains 
the necessary elements for transcriptional and translational control of the inserted coding sequence in 
a suitable host. These elements iachide regulatory sequences, such as enhancers, constitutive and 
inducible promoters, and 5' and 3 'untranslated regions in the vector and in polynucleotide sequences 
15 encoding NZMS. Such elements may vary in their strength and specificity. Specific initiation signals 
may also be used to achieve more efficient translation of sequences encoding NZMS, Such signals 
include the ATG initiation codon and adjacent sequences, e.g. the Kozak sequence. In cases where 
sequences encoding NZMS and its initiation codon and upstream regulatory sequences are inserted 
into the appropriate expression vector, no additional transcriptional or translational control signals may 
20 be needed. However, in cases where only coding sequence, or a fi^gment thereof, is inserted, 

exogenous translational control signals including an in-fi-ame ATG initiation codon should be provided 
by the vector. Exogenous translational elements and initiation codons may be of various origins, both 
natural and synthetic. The efSdency of expression may be enhanced by the inclusion of enhancers 
appropriate for the particular host cell system used. (See, e.g., Scharf, D. et aL (1994) Results Probl. 
25 on DiffCT. 20:125-162.) 

Methods which are well known to those sldlled in the art may be used to construct expression 
vectors containing sequences encoding NZMS and appropriate transcriptional and translational control 
elements. These methods include in vitro recombinant DNA techniques, synthetic techniques, and in 
vivo genetic recombination. (See, e.g., Sambrook, J. et al (1989) Molecular Clonmcr, ALaboratorv 
30 Manual . Cold Spring Harbor Press, Plainview NY, ch. 4, 8, and 16-17; Ausubel, F.M. et al. (1995) 
Current Protocols in Molecular Biologv . John Wiley & Sons, New York NY, cb. 9, 13, and 16.) 

A variety of expression vector/host systems may be utilized to contaiu and e^qpress sequences 
encoding NZMS. These include, but are not limited to, microorganisms such as bacteria transformed • 
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with recombinant bacteriophage, plasmid, or cosmid DNA expression vectors; yeast transformed with 
yeast expression vectors; iosect cell systems infected with viral expression vectors (e.g., baculovirus); 
plant cell systems transformed with viral expression vectors (e.g., cauliflower mosaic virus, CaMV, or 
tobacco mosaic virus, TMV) or with bacterial expression vectors (e.g., Ti or pBR322 plasmids); or 

5 animal cell systems. (See, e.g., Sambrook, supra ; Ansubel, supra ; Van Heeke, G. and S.M. Schuster 
(1989) J. Biol. Chem. 264:5503-5509; Engelhard, E.K. et al. (1994) Proc. Natl. Acad. Sci. USA 
91:3224-32:27; Sandig, V. et al. (1996) Hum. Gene Ther. 7:1937-1945; Takamatsu, N. (1987) EMBO 
J. 6:307-311; The McGraw HGll Yearbook of Science and Technology (1992) McGraw lEll, New 
YbrkNY, pp. 191-196; Logan, J. and T. Shenk (1984) Proc. NatL Acad. Sci. USA 81:3655-3659; and 

10 Hanington, JJ. et aL (1997) Nat. Genet. 15:345-355.) E:q)ression vectors derived from retroviruses, . 
adenoviruses, or herpes or vaccinia viruses, or from various bacterial plasmids, maybe used for 
delivery of nucleotide sequences to the targeted organ, tissue, or cell population. (See, e.g,, pi Nicola, 
M. et al (1998) Cancer Gen. Ther. 5(6):350-356; Yu, M. et al. (1993) Proc. Natl. Acad. Sci USA 
90(13):6340-6344; BuBer, R.M. et al. (1985) Nature 317(6040):813-815; McGregor, D.P. et aL (1994) 

15 MoL Lnmunol. 3 1(3):219-226; and Verma, LM. and N. Somia (1997) Nature 389:239-242.) The 
invention is not limited by the host cell employed. 

In bacterial systems, a number of cloning and expression vectors may be selected depending 
uppiL the use intended for polynucleotide sequences encoding NZMS. For example, routine cloning, 
subcloning, and propagation of polynucleotide sequences encoding N2MS can be adiieved using a 

20 multifunctional E. coli vector such as PBLUESCRIPT (Stratagene, La Jolla CA) or PSPORTl 

plasmid (Life Technologies). Ligation of sequences encoding NZMS into the vector's multiple cloning 
site disrupts the lacZ gene, allowing a colorimetric screening procedure for identification of 
transformed bacteria containiag recombinant molecules. Ih addition, these vectors may be useful for 
ID vitro transcription, dideoxy sequencing, single strand rescue with helper phage, and creation of 

25 nested deletions in the cloned sequence. (See, e.g.. Van Heeke, G. and S.M. Schuster (1989) J. Biol. 
Chem. 264:5503-5509.) When large quantities of NZMS are needed, e.g. for the production of 
antibodies, vectors which direct high level expression of NZMS may be used. For example, vectors 
containing the strong, inducible SP6 or T7 bacteriophage promoter may be used. 

Yeast expression systems may be used for production of NZMS. A number of vectors 

30 containing constitutive or inducible promoters, such as alpha factor, alcohol oxidase, and PGH 

promoters, may be used in the yeast Saccharomvces cerevisiae or Pichia pastoris . In addition, such 
vectors direct either the secretion or intracellular retention of expressed proteins and enable integration 
of foreign sequences ruto the host genome for stable propagation. (See, e.g., Ausubel, 1995, supra; 
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Bitter, G.A. et aL (1987) Methods Enzymol. 153:516-544; and Scoier, CA. et al. (1994) 
Bio/Technology 12:181-184.) 

Plant systems may also be used for expression of NZMS. Transcription of sequences 
encoding NZMS may be driven by viral promoters, e.g., the 35S and 19S promoters of CaMV used 
5 alone or in combination with the omega leader sequence from TMV (Takamatsu, N. (1987) EMBO J. 
6:307-3 11). Alternatively, plant promoters such as the small subunit of RUBISCO or heat shock 
promoters may be used. (See, e.g., Corazzi, G. et aL (1984) EMBO J. 3:1671-1680; Broglie, R. et al. 
(1984) Science 224:838-843; and Winter, J. et al. (1991) Results Probl. CeH Differ. 17:85-105.) These 
constructs can be introduced into plant cells by direct DNA transformation or pathogen-mediated 
10 transfection. (See, e.g.. The McGra w Hill Vpa rbook of Science and Technologv (1992) McGraw HOD, 
New York NY, pp. 191-196.) 

In mammalian cells, a number of viral-based expression systems may be utilized. Jn cases 
where an adenovims is used as an expression vector, sequences encoding NZMS may be ligated into 
an adenovirus transcription/translation complex consisting of the late promoter and tripartite leader 
15 sequence. Insertion in a non-essential El or E3 region of the viral genome may be used to obtain 
infective viras which, expresses NZMS in host cells. (See, e.g., Logan, J. and T. Sherik (1984) Proc. 
NatL Acad. Sci. USA 81:3655-3659.) In addition, transcription eDhancers, such as the Rous sarcoma 
viruis (RSV) enhancer, may be used to increase expression in maTnTnaliflTi host cells, SV40 or EB V- 
based vectors may also be used for high-level protein expression. 
20 Human artificial chromosomes (HACs) may also be employed to deliver larger fragments of 

DNA than can be contained in and expressed from a plasmid. HACs of about 6 Kb to 10 Mb are 
constructed and delivered via conventional delivery methods (liposomes, polycationic amino polymers, 
or vesicles) for therapeutic purposes. (See, e.g., Harrington, J.J. et al. (1997) Nat. Genet 15:345- 
3550 

25 For long term production of recombinant proteins in mammalian systems, stable expression of 

NZMS in cell lines is preferred. For example, sequences encoding NZMS can be transfomied into 
cell lines using expression vectors which may contain viral origins of replication and/or endogenous 
expression elements and a selectable marker gene on flie same or on a separate vector. Following the 
introduction of flie vector, cells may be allowed to grow for about 1 to 2 days in enriched media before 

30 being switched to selective media. The purpose of the selectable marker is to confer resistance to a 
selective agent and its presence allows growth and recovery of cells which successfally express the 
introduced sequences. Resistant clones of stably transformed ceDs maybe propagated using tissue 
culture techniques appropriate to the cell type. 
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Any number of selection systems may be used to recover transformed cell lines. These 
include, but are not limited to, the herpes simplex virus fhymidiae kinase and adenine 
phosphoribosyltransferase genes, for use in tkr and apr cells, respectively. (See, e.g., Wigler, M. et 
al. (1977) Cell 11:223-232; Lowy, I. et al. (1980) Cell 22:817-823.) Also, antimetabolite, antibiotic, or 
5 herbicide resistance can be nsed as the basis for selection. For example, dhfi' confers resistance to 
methotrexate; Jieo confers resistance to the aminoglycosides neomycin and G-418; and als and pat 
confer resistance to chlorsnlfuron and phosphinotriciQ acetyltransferase, respectively. (See, e.g., 
Wigler, M. et al (1980) Proc. Natl. Acad. Sci. USA 77:3567-3570; Colbere-Garapin, F. et al. (1981) 
J. Mol. Biol 150:1-14.) Additional selectable genes have been described, e.g., trpB and hisD^ wbich 

10 alter cellular requirements for metabolites. (See, e.g., Hartman, S.C. and R.C. MnOigan (1988) Proc. 
Natl. Acad. Sci. USA 85:8047-8051.) Visible markers, e.g., anthocyanins, green fluorescent proteins 
(GFP; Clontech), fi glucuronidase and its substrate £-gIuciironide, or hiciferase and its substratp 
luciferin may be used. These markers can be used not only to identify transfonnants, but also to 
quantify the amount of transient or stable protein expression attributable to a specific vector system. 

15 (See, e.g., Rhodes, QA. (1995) Methods MoL BioL 55:121-131.) 

Although the presence/absence of marker gene expression suggests that the gene of interest 
is also present, the presence and expression of the gene may need to be confirmed. For example, if 
the sequence encoding NZMS is inserted within a marker gene sequence, transformed cells containing 
sequences encoding NZMS can be identified by the absence of marker gene function. Alternatively, a 

20 marker gene can be placed in tandem with a sequence encoding NZMS under the control of a single 
promoter. Expression of the marker gene in response to induction or selection usually indicates 
expression of the tandem gene as well. 

In general, host cells that contain the-nucleic acid sequence encodiug NZMS and that express 
NZMS may be identified by a variety of procedures known to those of skill in the art. These 

25 procedures include, but are not liraited to, DNA-DNA or DNA-RNA hybridizations, PCR 

amplification, and protein bioassay or immunoassay techniques which include membrane, solution, or 
chip based technologies for the detection and/or quantification of nucleic acid or protein sequences. 

Immunological methods for detecting and measuring the expression of NZMS using either 
specific polyclonal or monoclonal antibodies are known in the art. Examples of such techniques 

30 include enzyme-lioked immunosorbent assays (EIJSAs), radioinmiunoassays (RIAs), and 

fluorescence activated cell sorting (FACS). A two-site, monoclonal-based immunoassay utilizing 
monoclonal antibodies reactive to two non-interfering epitopes on NZMS is preferred, but a 
competitive binding assay may be employed. These and other assays are well known in the art (See, 
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e.g., Hampton, R. et al. (1990) Serological Methods, a Laboratory Manual APS Press, St Paul MN, 
Sect IV; Coligan, J.E. et aL (1997) Current Pro tocols m TTntn unology , Greene Pub. Associates and 
Wney-Interscience, New York NY; and Pound, J.D. (1998) Inmmnocfaemical Protocols . Humana 
Press, Totowa NJ.) 

5 A wide variety of labels and conjugation techniques are loiown by those skilled in the art and 

may be used in various nucleic acid and amino acid assays. Means for producing labeled hybridization 
or PGR probes for detecting sequences related to polynucleotides encoding NZMS include 
oligolabeling, nick translation, end-labeling, or PCai amplification using a labeled nucleotide. 
Alternatively, the sequences encoding NZMS, or any fragments thereof, may be cloned into a vector 
10 for the production of an mRNA probe. Such vectors are known in the art, are commercially available, 
and may be used to synthesize RNA probes in vitro by addition of an appropriate UNA polymerase 
such as T7, 13, or SP6 and labeled nucleotides. These procedures may be conducted using a variety 
of commercially available kits, such as those provided by Amersham Pharmacia Biotech, Pcomega 
(Madison WI), and US Biochemical Suitable reporter molecules or labels which may be used for 
15 ease of detection iuclude radionuclides, enzymes, fluorescent, chemiluminescent, or cbromogenic 
agents, as well as substrates, cofactors, inhibitors, magaetic particles, and the like. 

Host cells transformed with nucleotide sequences encoding NZMS may be cultured under 
conditioiis suitable for the expression and recovery of the protein fix>mceUc The protein 

produced by a transformed cell maybe secreted or retained iutracellularly depending on the sequence 
and/or the vector used. As win be understood by fliose of skill ia flie art, expression vectors containing 
polynucleotides which encode NZMS may be designed to contain signal sequences which direct 
secretion of NZMS through a prokaryotic or eukaryotic cell membrane. 

In addition, a host cell strain may be diosen for its ability to modulate expression of the 
inserted sequences or to process the expressed protem in the desired fashion. Such modifications of 
the polypeptide include, but are not limited to, acetylation, carboxylation, glycosylation, phosphorylation, 
lipidation, and acylation. Post-trauslational processing which cleaves a "prepro" or "pro" form of the 
protein may also be used to specify protein targeting, folding, and/or activity. DiEferent host cells 
which have specific celhilar machinery and characteristic mechanisms for post-translational activities 
(e.g., CHO, HeLa, MDCK, HEK293, and WD8) are available fi-om the American Type Cutauc 
Collection (ATCC, Manassas VA) and may be chosen to ensure the correct modification and 
processing of the foreign protein. 

In another embodiment of the invention, natural, modified, or recombinant nucleic acid 
sequences encoding NZMS may be ligated to a heterologous sequence resulting in translation of a 
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fusion protein in any of the aforementioned host systems. For example, a chimeric NZMS protein 
containing a heterologous moiety that can be recognized by a commercially available antibody may 
facilitate the screening of peptide libraries for inhibitors of NZMS activity. Heterologous protein and 
peptide moieties may also facilitate purification of fusion proteins using commercially available afBnity 

5 matrices. Such moieties include, but are not limited to, glutathione S-transferase (GST), maltose 

binding protein (MBP), thioredoxin (Trx), calmodulin binding peptide (CBP), 6-His, FLAG, c-rnyc^ and 
hemagglutinin (HA). GST, MBP, Trx, CBP, and 6-His enable purification of their cognate fiision 
proteins on immobilized glutathione, maltose, phenylarsine oxide, calmodulin, and metal-chelate resins, 
respectively. FLAG, c-myc, and hemagglutinin (HA) enable immunoaffimty purification of fusion 

10 proteins using commercially available monoclonal and polyclonal antibodies that specifically recognize 
these epitope tags. A fusion protein may also be engineered to contain a proteolytic cleavage site 
located between the NZMS encoding sequence and the heterologous protein sequence, so that NZMS 
may be cleaved away fi-om the heterologous moiety following purification. Methods for fusion protein 
expression and purification are discussed in Ausubel (1995, su pra, ch. 10). A variety of commercially 

15 available kits may also be used to facilitate expression and purLBcation of fusion proteins. 

In a further embodiment of the invention, synthesis of radiolabeled NZMS may be- achieved in 
vitro using the TNT rabbit reticulocvte lysate or wheat gemi extract system (Promega). These 
systems couple transcription and translation of protein-coding sequences operably associated with tihe 
T7, T3, or SP6 promoters. Translation takes place in the presence of a radiolabeled amino add 

20 precursor, for example, ^^S-mefhionine. 

NZMS of Ihe present invention or firagments thereof may be used to screen for compounds 
that specifically bind to NZMS . At least one and up to a plurality of test compounds may be screened 
for specific binding to NZMS. Examples of test compounds include antibodies, oligonucleotides, 
proteins (e.g., receptors), or smaU molecules. 

25 In one embodiment, the compound thus identified is closely related to the natural ligand of 

NZMS, e.g., a ligand or fragment thereof, a natural substrate, a structural or fimctional mimetic, or a 
natural blading partner. (See, e.g., Coligan, J.E. et al. (1991) Current Protocols in TmTnOTo1op;y 1(2): 
Chapter 5 .) Similarly, the compound can be closely related to the natural receptor to which NZMS 
binds, or to at least a fragment of the receptor, e.g., the ligand binding site. In either case, the 

30 compound canbe rationally designed using known techniques. In one embodiment, screening for 
these compounds involves producing appropriate cells which express NZMS, either as a secreted 
protein or on the cell membrane. Preferred cells include cells from mammals, yeast, Drosophila , or R 
coli . Cells expressing NZMS or cell membrane fractions which contain NZMS are then contacted 
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with a test compound and binding, stinnilation, or inhibition of activity of either NZMS or the compound 
is analyzed. 

An assay may simply test binding of a test compound to the polypeptide, wherein binding is 
detected by a fhiorophore, radioisotope, enzyme conjugate, or other detectable label For example, the 
assay may comprise the steps of combining at least one test compound with NZMS, either in solution 
or affixed to a solid support, and detecting th& bindiug of NZMS to the compound. Altematively, the 
assay may detect or measure binding of a test compound m the presence of a labeled competitor. 
Additionally, the assay may be carried out using cell-free preparations, chemical libraries, or natural 
product mixtures, and the test compound(s) may be free in solution or affixed to a solid support. 

NZMS of the present invention or fragments thereof may be used to screen for compounds 
that modulate the activity of NZMS. Such compounds may include agonists, antagonists, or partial or 
inverse agonists. In one embodiment, an assay is performed under conditions permissive for NZMS 
activity, wherein NZMS is combined with at least one test compoimd, and the activity of NZMS in the 
presence of a test compound is compared with the activity of NZMS in the absence of the test 
compound. A change in the activity of NZMS in the presence of the test compound is indicative of a 
compound that modulates the activity of NZMiS. Alteqiatively, a test compound is combined with an 

vitro or cell-free system comprising NZMS under conditions suitable for NZMS activity, and the 
assay is perfonoed. In either of these assays, a test conqioimd which modulates the activity of I^MS 
may do so indirectly and need not come in direct contact with the test compoimd. At least one and up 
to a plurality of test conqyounds may be screened. 

In another embodiment, pol3mucleotides encoding NZMS or their maTnTnaljan homologs may 
be '^knocked ouf ' in an aninoal model system using homologous recombination in embryonic stem (ES) 
cells. Such techniques are well known in the art and are useful for the generation of animal models of 
human disease. (See, e.g., U.S. Patent No. 5,175,383 and U.S. Patent No. 5,7673370 For example, 
mouse ES cells, such as the mouse 129/SvJ cell line, are derived from Ihe early mouse embryo and 
grown in culture. The ES cells are transformed with a vector containing Ihe gene of interest disrupted 
by a marker gene, e.g., the neomycin phosphotransferase gene (neo; Capecchi, M.R. (1989) Science 
244:1288-1292). The vector integrates into the corresponding region of the host genome by 
homologous recombination Altematively, homologous recombination takes place using the Cre-loxP 
system to knockout a gene of interest in a tissue- or developmental stage-specific manner (Marth, J.D. 
(1996) Clin. Invest. 97:1999-2002; Wagner, K.U et al. (1997) Nucleic Acids Res. 25:4323-4330). 
Transformed ES cells are identified and microinjected into mouse cell blastocysts such as those from 
the C57BL/6 mouse strain. The blastocysts are surgically transferred to pseudopregnant dams, and 
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the resulting chimeric progeny are genotyped and bred to produce heterozygous or homozygous 
sixains. Transgenic animals thus generated may be tested with potential therapeutic or toxic agents. 

Polyaucleotides encodiug NZMS may also be manipulated in vitro in ES cells derived from 
human blastocysts. Human ES cells have the potential to differentiate into at least eight separate cell 

5 lineages including endoderm, mesoderm, and ectodermal cell types. These cell Uneages differentiate 
into, for example, neural cells, hematopoietic lineages, and cardiomyocytes (Thomson, J.A. et al. 
(1998) Science 282:1145-1 147). 

Polynucleotides encoding NZMS can also be used to create *Tknocldn" humanized animals 
(pigs) or transgenic animals (mice or rats) to model human disease. With knocldn technology, a region 

10 of a polynucleotide encoding NZMS is iujected into animal ES cells, and the injected sequence 

iutegrates into the animal cell genome. Transformed cells are injected into blastulae, and the blastulae 
are implanted as described above. Transgenic progeny or inbred lines are studied and treated with 
potential pharmaceutical agents to obtain information on treatment of a human disease. Alternatively, 
a mamomal inbred to overexpress NZMS, e.g., by secreting NZMS in its mflk, may also serve as a 

15 convenient source of that protein (Jaone, J. et sd. (1998) BiotechnoL Annu. Rev. 4:55-74). 
THERAPEUTICS 

Chemical and structural similarity, e.g., in the context of sequences and niotifs, exists between 
regions of NZMS and enzymes. In addition, the expression of NZMS is closely associated with brain 
tissue, kidney tissue, lung tissue, ventricle tissue, esophageal tumor tissue, and prostate tumor tissue. 

20 Therefore, NZMS appears to play a role in inunune system disorders, immune deficiencies, 

developmental disorders, metabolic disorders, smooth muscle disorders, neurological disorders, cardiac 
disorders, pulmonary disorders, parasitic iofections, and cell proliferative disorders including cancer. 
In the treatment of disorders associated with increased NZMS expression or activity, it is desirable to 
decrease the expression or activity of NZMS. In the treatment of disorders associated with 

25 decreased NZMS expression or activity, it is desirable to iucrease the expression or activity of NZMS. 
■ Therefore, in one embodiment, NZMS or a fragment or derivative thereof may be 
administered to a subject to treat or prevent a disorder associated with decreased expression or 
activity of NZMS. Examples of such disorders include, but are not limited to, an immune system 
disorder such as acquired immunodeficiency syndrome (AIDS), Addison's disease, adult respiratory 

30 distress syndrome, allergies, ankylosing spondylitis, amyloidosis, anemia, asthma, atherosclerosis, 

autoimmune hemolytic anemia, autoimmime thyroiditis, autoimmune polyendocrinopathy-candidiasis- 
ectodermal dystrophy (APECED), bronchitis, cholecystitis, contact dermatitis, Crohn's disease, atopic 
dermatitis, dermatomyositis, diabetes meUitus, emphysema, episodic lymphopenia wifli 
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lymphocgtotoxms, erythroblastosis fetalis, erythema nodosum, atrophic gastritis, glomerulonephritis, 
Goodpasture's syndrome, gout. Graves' disease, Hashimoto's ttiyroiditis, hypereosinophilia, irritable 
bowel sytidrome, multiple sclerosis, myasthenia gravis, myocardial or pericardial inflammation, 
osteoarthritis, osteoporosis, pancreatitis, polymyositis, psoriasis, Reiter's syndrome, rheumatoid 
5 arthritis, scleroderma, Sjogren's syndrome, systemic anaphylaxis, systemic hipus erythematosus, 
systemic sclerosis, thrombocytopenic purpura, ulcerative colitis, uveitis, Werner syndrome, 
complications of cancer, hemodialysis, and extracorporeal circulation, viral, bacterial, fungal, parasitic, 
protozoal, and helminthic infections, and trauma; an inmiune deficiency such as acquired 
immunodeficiency syndrome (AIDS), X-lihked agammaglobinemia of Bruton, common variable 
10 iiomunodeficiency (CVI), DiGeorge^s syndrome (thymic hypoplasia), thymic dysplasia, isolated IgA 
deficiency, severe combined immunodeficiency disease (SdD), immunodeficiency with 
thrombocytopenia and eczema (Wiskott-Aldrich syndrome), dediak-Higashi syndrome, chronic 
granulontiatous diseases, hereditary angioneurotic edema, and immunodefi.ciency associated with 
Cushing's disease; a developmental disorder such as renal tubular acidosis, anemia, Cushing's 
15 syndrome, achondroplastic dwarfism, Duchesne and Becker muscular dystrophy, epilepsy, gonadal 
dysgenesis, WAGR syndrome (Wilms' tumor, aniridia, genitourinary abnormalities, and ruental 
retardation), Smith-Magenis syndrome, myelodysplastic syndrome, hereditary mucoepitiielial dysplasia, 
hereditary keratodermas, hereditary neuropathies sudi as Charcot-Marie-Tooth disease and 
neurofibromatosis, hypothyroidism, hydrocephalus, seizure disorders such as Syndenham's chorea and. 
20 cerebral palsy, spina bifida, anencephaly, craniorachischisis, congenital glaucoma, cataract, and 
sensorineural hearing loss; an eye disorder such as ocular hypertension and glaucoma; a metabolic 
disorder such as Sjoegren-Larsson syndrome (SLS), hyperprolinemia, type U, acute alcohol 
intoxication, adrenoleukodystrophy, A^rt's syndrome, choroideremia, Duchenne and Becker 
muscular dystrophy, Down's syndrome, cystic fibrosis, chronic granulomatous disease, Gaucher's 
25 disease, Huntington's chorea, Marfan's syndrome, muscular dystrophy, myotonic dystrophy, 
pycnodysostosis, Refsum's syndrome, retinoblastoma, sickle cell anemia, thalassemia, Werner 
syndrome, von Willebrand's disease, Wilms' tumor, Zellweger syndrome, peroxisomal acyl-CoA 
oxidase deficiency, peroxisomal thiolase deficiency, peroxisomal bifunctional protein deficiency, 
mitochondrial carnitine pahnitoyl transferase and carnitine deficiency, mitochondrial very-long-chain 
30 acyl-CoA dehydrogenase deficiency, mitochondrial medium-chain acyl-CoA dehydrogenase 

deficiency, mitochondrial short-chain acyl-CoA dehydrogenase deficiency, mitochondrial electron 
transport flavoprotein and electron transport flavoproteinnibiquinone oxidoreductase deficiency, 
mitochondrial trifiinctional protein deficiency, and mitochondrial short-chain 3-hydroxyacyl-CoA 
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dehydrogenase deficiency; and a smooth muscle disorder such as angina, anaphylactic shock, 
arrhy£hmias, asthma, cardiovascular shock. Gushing' s syndrome, hypertension, hypoglycemia, 
myocardial infarction, migraine, and pheochromocytoma, and myopathies inchiding cardiomyopathy, 
encephalopathy, epilepsy, Keams-Sayre syndrome, lactic acidosis, myoclonic disorder, and 
5 ophthalmoplegia, hyperammonemia, trimethylaminuria (fish-odor syndrome), 3-hydroxydicarboxylic 
aciduria, dicarboxyHc aciduria, xanthinuria, congenital lipoid adrenal hyperplasia (CLAH), albinism type 
in, hyperinsulinism-hjTperammonemia syndrome (HHS), glutaric acidemia type I (GA-I), familial 
recurrent myoglobinuria, insulin resistance, hereditary thymine- uraciluria (familial pyrimidinemia), 
idiopathic sidereoblastic anemia (AIS A), neonatal adrenoleukodystrophy, hypoxia, iucreased damage 

10 to tissues caused by trauma, radiation and ultraviolet e3q)osure, liver dysfunction, marked obesity, 
methemoglobinemia (HMl, HM2, and HM3), hypertrophic hirsutism with amenorrhea, and 
Hermansky-Padlack syndrome, Reye's syndrome, hypoketotic hypoglycemia, isovaleric acidemia, and 
chronic hemolytic anemia; a neurological disorder such as epilepsy, ischemic cerebrovascular disease, 
stroke, cerebral neoplasms, Alzheimer's disease, Hck's disease, Huntington's disease, dementia, 

15 Parkinson's disease and other extrapyramidal disorders, amyotrophic lateral sclerosis and other motor 
neuron disorders, progressive neural muscular atrophy, retinitis pigmentosa, hereditary ataxias^ multiple 
sclerosis and other demyelinating diseases, bacterial and viral meningitis, brain abscess, subdural 
empyema, epidural abscess^ suppurative intracranial thrombophlebitis, myelitis and radiculitis, viral 
central nervous system disease, prion diseases inclading kura, Creut2feldt-Jakob disease, and 

20 Gerstmann-Straussler-Scheinker syndrome, fatal familial insomnia, nutritional and metabolic diseases , 
of the nervous system, neurofibromatosis, tuberous sclerosis, cerebelloretinalhemangioblastomatosis, 
encephalotrigeminal syndrome, mental retardation and other developmental disorders of the central 
nervous system including Down syndrome, cerebral palsy, neuroskeletal disorders, autonomic nervous 
system disorders, cranial nerve disorders, spincQ cord diseases, muscular dystrophy and other 
. 25 neuromuscular disorders, peripheral nervous system disorders, dermatomyositis and polymyositis, 
inherited, metabolic, endocrine, and toxic myopathies, myasthenia gravis, periodic paralysis, mental 
disorders including mood, anxiety, and schizophrenic disorders, seasonal affective disorder (SAD), 
akathesia, amnesia, catatonia, diabetic neuropathy, tardive dyskinesia,dystonias, paranoid psychoses, 
postheipetic neuralgia, Tourette's disorder, progressive supranuclear palsy, corticobasal degeneration, 

30 familial frontotemporal dementia, and Lesch-Nyan syndrome; a cardiovascular disorder such as 
Raynaud's disease, aneurysms, arterial dissections, varicose veins^ thrombophlebitis and 
phlebothrombosis, vascular tumors, and complications of thrombolysis, baUbon angioplasty, vascular 
replacement, and coronary artery bypass graft surgery, congestive heart failure, ischemic heart 
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disease, angina pectoris, myocardial infarction, hypertensive heart disease, degenerative valvular heart 
disease, calcific aortic valve stenosis, congenitally bicuspid aortic valve, mitral annular calcification, 
mitral valve prolapse, rheumatic fever and rheumatic heart disease, infective endocarditis, nonbacterial 
thrombotic endocarditis, endocarditis of systemic lupus erythematosus, carcinoid heart disease, 
5 cardiomyopathy, myocarditis, pericarditis, neoplastic heart disease, congenital heart disease, and 
complications of cardiac transplantation; a pulmonary disorder such as congenital hing anomalies, 
atelectasis, puhnonary congestion and edema, pulmonary embolism, pulmonary hemorrhage, pulmonary 
infarction, puhnonary hypertension, vascular sclerosis, obstractive pulmonary disease, restrictive 
puhnonary disease, chronic obstructive pulmonary disease, emphysema, chronic bronchitis, bronchial 
10 asthma, bronchiectasis, bacterial pneumonia, viral and mycoplasmal pneumonia, lung abscess, 

puhnonary tuberculosis, diffuse interstitial diseases, pneumoconioses, sarcoidosis, idiopaftic pulmonary 
fibrosis, desquamative interstitial pneumonitis, hypersensitivity pneumonitis, puhnonary eosinophilia 
bronchiolitis obliterans-organizing pneumonia, diffiise puhnonary hemorrhage syndromes, 
Goodpasture's syndromes, idiopatiiic pulmonary hemosiderosis, pulmonary involvement in 
15 collagen-vascular disorders, pulmonary alveolar protemosis, lung tumors, inflammatory and 

no ninflammat ory pleural effusions, pneumothorax, pleural tumors, drag-mduced lung disease, radiation- 
induced lung disease, and complications of hing transplantation; an infection by parasites classified as 
Plasmodium or malaria-causing, parasitic entamoeba, leishmania, trypanosoma, toxoplasma* 
Pneumocystis carinii, intestinal protozoa such as giardia, trichomonas, tissue nematodes such as 
20 trichmella, intestinal nematodes such as ascaris, lymphatic filarial nematodes, trematodes such as 
schistosoma, and cestodes (tapeworm); and a cell proliferative disorder such as actinic keratosis, 
arteriosclerosis, aflierosclerosis, bursitis, cirrhosis, hepatitis, mixed connective tissue disease (MCTD), 
myelofibrosis, paroxysmal nocturnal hemoglobinuria, polycythemia vera, psoriasis, primary 
fhronabocythemia, and cancers mcluding adenocarcinoma, leukemia, lymphoma, melanoma, myeloma, 
25 sarcoma, teratocarcinoma, and, in particular, cancers of the adrenal gland, bladder, bone, bone 
marrow, bram, breast, cervix, gallbladder, ganglia, gastrointestinal tract, heart, kidney, liver, lung, 
muscle, ovary, pancreas, parathyroid, penis, prostate, salivary glands, skin, spleen, testis, thymus, 
thyroid, and uteras. 

In another embodiment, a vector capable of caressing NZMS or a fi-agment or derivative 
30 thereof may be administered to a subject to treat or prevent a disorder associated with decreased 
e:q)ression or activity of NZMS including, but not limited to, those described above. 

In a further embodiment, a composition comprising a substantially purified NZMS in 
conjunction with a suitable phamiaceutical carrier may be administered to a subject to treat or prevent 
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a disorder associated with decreased egression or activity of NZMS iQclading, but not limited to, 
those provided above. 

In still another embodiment, an agonist which modulates the activity of NZMS maybe 
administered to a subject to treat or prevent a disorder associated with decreased expression or 
5 activity of NZMS including, but not limited to, those listed above. 

In a further embodiment, an antagonist of NZMS maybe administered to a subject to treat or 
prevent a disorder associated with increased expression or activity of NZMS. Examples of such 
disorders include, but are not limited to, those immune system disorders, iminune deficiencies, 
developmental disorders, metabolic disorders, neurological disorders, pulmonary disorders, parasitic 
10 infections, and cell proliferative disorders including cancer described above. In one aspect, an 
antibody which specifically binds NZMS may be used directly as an antagonist or indirectly as a 
targeting or delivery mechanism for bringing a pharmaceuticsd agent to cells or tissues whidi express 
NZMS. 

In an additional embodiment, a vector expressing the complement of the polynucleotide 

15 encoding NZMS may be administeied to a subject to treat or prevent a disorder associated with 
increased expression or activity of NZMS including, but not limited to, those described above. 

In other embodiments, any of the proteins, antagonists, antibodies, agonists, complementary 
sequences, or vectors of flie invention may be administered in combination with other appropriate 
therapeutic agents. Selection of the appropriate agents for use in combination therapy may be made 

20 by one of ordinary skill in flie art, according to conventional pharmiaceutical principles^ The 

combiuation of therapeutic agents may act synergistically to effect the treatment or prevention of the 
various disorders described above. Using this approach, one may be able to achieve therapeutic 
efl&cacy with lower dosages of each agent, thus reducing the potential for adverse side effects. 

An antagonist of NZMS may be produced using methods which are generally known in the 

25 art In particular, purified NZMS may be used to produce antibodies or to screen libraries of 

pharmaceutical agents to identify those which specifically bind NZMS. Antibodies to NZMS may also 
be generated using methods that are well known in the art. Such antibodies may include, but are not 
limited to, polyclonal, monoclonal, chimeric, and single chain antibodies. Fab fragments, and fi-agments 
produced by a Fab expression library. Neutralizing antibodies (i.e., those which inhibit dimer 

30 formation) are generally preferred for therapeutic use. Single chain antibodies (e.g., from camels or 
llamas) may be potent enzyme inhibitors and may have advantages in the design of peptide mimetics, 
and in the development of immuno-adsorbents and biosensors (Muyldermans, S. (2001) J. Biotechnol. 
74:277-302). 
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For the producdon of antibodies, various hosts including goats, rabbits, rats, mice, camels, 
dromedaries, llamas, humans, and others may be immunized by injection with NZMS or with any 
fragment or oligopeptide thereof which has immunogenic properties. Depending on the host species, 
various adjuvants may be used to increase immunological response. Such adjuvants include, but are 
5 not limited to, Freund's, mineral gels such as aluminum hydroxide, and surface active substances such 
as lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, KLH, and dinitrophenol. Among 
• adjuvants used in humans, BCG (badDi Cahnette-Guerin) and Corvnebacterium parvum are especially 
preferable. 

It is preferred that the oligopeptides, peptides, or fragments used to induce antibodies to 
10 NZMS have an amino acid sequence consisting of at least about 5 amino acids, and generally will 
consist of at least about 10 amino acids. It is also preferable that these oligopeptides, peptides, or 
fragments are identical to a portion of the amino acid sequence of the natural protein. Short stretches 
of NZMS amino acids may be fused with tiiose of another protein, such as KLH, and antibodies to flie 
chimeric molecule may be produced. 
15 Monoclonal antibodies to NZMS may be prepared using any technique which provides for the 

production of antibody molecules by continuous cell lines in culture. These include, but are not limited 
to, the hybridoma technique, the human B-cell hybridoma technique, and the EB V-hybridoma 
technique. (See, e.g., Kohler, G. et aL (1975) Nature 256:495-497; Kozbor, D. et al. (1985) J. 
Immunol Methods 81:31-42; Cote, RJ. et aL (1983) Proc. NatL Acad. Sci. USA 802026-2030; and 
20 Cole, S.P. et al. (1984) MoL Cell BioL 62:109-120.) 

In addition, techniques developed for flie production of "chimeric antibodies,*' such as the 
splicing of mouse antibody genes to human antibody genes to obtain a molecule with appropriate 
antigen specificity and biological activity, can be used. (See, e.g., Morrison, S.L. et al (1984) Proc. 
NatL Acad. Sci. USA 81:6851-6855; Neuberger, M.S. et aL (1984) Nature 312:604-608; and Takeda, 
25 S. et aL (1985) Nature 3 14:452-454.) Alternatively, techniques described for the production of single 
chain antibodies may be adapted, using mefliods known in flie art, to produce NZMS-specific single 
cham antibodies. Antibodies with related specificity, but of distinct idiotypic composition, may be 
generated by chain shuffling fit)m random combinatorial irDmunoglobulin hliraries. (See, e.g.. Burton, 
DJR. (1991) Proc. NatL Acad. Sd. USA 88:10134-10137.) 
30 Antibodies may also be produced by inducing in vivo production in the lymphocyte population 

or by screening immunoglobulia libraries or panels of highly specific bindiog reagents as disclosed in 
die hterature. (See, e.g., Orlandi, R. et al. (1989) Proc. NatL Acad. Sci. USA 86:3833-3837; Winter, 
G. et al. (1991) Nature 349:293-299.) 
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Antibody fragments which contain specific binding sites for NZMS may also be generated. 
For example, such fragments inclade, but are not limited to, FCab^ fragments produced by pepsin 
digestion of the antibody molecule and Fab fragments generated by reducing the disulfide bridges of 
the F(ab')2 fragments. Alternatively, Fab expression libraries may be constructed to allow rapid and 

5 easy identification of monoclonal Fab fragments wifli the desired specificity. (See, e.g., Huse, W.D. 
et aL (1989) Science 246:1275-1281.) 

Various immunoassays may be used for screening to identify antibodies having flie desired 
specificity. Numerous protocols for competitive binding or immunoradiometric assays using either 
polyclonal or monoclonal antibodies with, established specificities are well known in flie art. Such 

10 immunoassays typically involve the measurement of complex formation between NZMS and its 

specific antibody. A two-site, monoclonal-based immunoassay utilizing monoclonal antibodies reactive 
to two non-interfeiing NZMS epitopes is generally used, but a competitive binding assay may also be 
employed (Pound, supra') . 

Various methods such as Scatchard analysis in conjunction with radioimmunoassay techniques 

15 may be used to assess the affinity of antibodies for NZMS. AfBhoity is expressed as an association 
constant, K^, which is defined as the molar concentration of NZMS-antibody complex divided by the 
molar concentrations of free antigen and free antibody under equilibrium conditions. The 
determined for a preparation of polyclonal antibodies, which are heterogeneous in their affinities for 
multiple NZMS epitopes, represents the average affinity, or avidity, of the antibodies for NZMS. The 

20 Ka determined for a preparation of monoclonal antibodies, which are monospecific for a particular 
NZMS epitope, represents a trae measure of affinity. High-affinity antibody preparations with K. 
rangiag from about 10^ to 10^^ L/mole are preferred for use in immunoassays in which the NZMS- 
antibody complex must withstand rigorous manipulations. Low-affinity antibody preparations with 
ranging from about 10^ to 10'' Umole are preferred for use in immunopurification and similar 

25 procedures which ultimately require dissociation of NZMS, preferably in active form, from the 

antibody (Catty, D. (1988) Antibodies, Volume 1: A Practical Approach , IRL Press, Washington DC; 
liddell, J.E. and A. Cryer (1991) A Practical Guide to Monoclonal Antibodies. John Wiley & Sons, 
New York NY). 

The titer and avidity of polyclonal antibody preparations may be further evaluated to detemiine 
30 the quality and suitability of such preparations for certain downstream applications. For example, a 
polyclonal antibody preparation containing at least 1-2 mg specific antibody/ml, preferably 5-10 mg 
specific antibody/ml, is generally employed in procedures requiring precipitation of NZMS-antibody 
complexes. Procedures for evaluating antibody specificity, titer, and avidity, and guidelines for 
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antibody quality and usage in various appUcations, are generafly avaflable. (See, e.g.. Catty, supra , and 
Coligan et al. supra.) 

In ano^T enabodiment of the invention, the polynucleotides encoding NZMS, or any fragment 
or complement thereof, may be used for therapeutic purposes. In one aspect, modij&cations of gene 
5 expression can be achieved by designing complementary sequences or antisense molecules (DNA, 
RNA, PNA, or modified oligonucleotides) to the coding or regulatory regions of the gene encoding 
NZMS. Such technology is well known in the art, and antisense oligonucleotides or larger fragments 
can be designed from various locations along the coding or control regions of sequences encodmg 
NZMS. (See, e.g., Agrawal, S., ed. (1996) Antisense Therapeutics . Humana Press Lie., Totawa NJ.) 
10 Li therapeutic use, any gene delivery system suitable for introduction of the antisense 

sequences into appropriate target cells can be used. Antisense sequences can be delivered 
intraceUularly in the form of an ejcpression plasmid which, upon transcription, produces a sequence 
complementary to at least a portion of fbs cellular sequence encoding the target protein. (See, e.g.. 
Slater, J .E. et al (1998) J. Alleigy Oin. LnnnmoL 102(3):469-475; and Scanlon, KJ. et al (1995) 
15 9(13):1288-1296.) Antisense sequeaices can also be introduced intraceUularly iSirongh flie use of viral 
vectors, sudi as retioviras and adeno-associated Viras vectors. (See, e.g.. Miller, AJD. (1990) Blood 
76:271; Ausubel, supra; Uckert, W. and W. Walfher (1994) Pharmacol Tbia. 63(3):323-347.) Other 
gene delivery me chanis m s include liposome-derived systems, artificial viral envelopes, and other 
systems known in flie art (See, e.g., Rossi, J.J. (1995) Br. Med. BuH 51(l):217-225; Boado, RJ. et 
20 aL (1998) J. Pharm. Sci. 87(11):1308-1315; and Morris, M.C. et aL (1997) Nucleic Acids Res. 
25(14):2730-2736.) 

In another CTibodimrait of Oe invention, polynucleotides encoding NZMS may be used for 
somatic or gramlinB gene therapy. Gene flKsrapy may be performed to (i) correct a genetic deficiency 
(e.g., in the cases of sevrae conibined immunodeficiency (SCIiD>Xl disease characterized by X- 

25 Bnked inheritance (Cavazzana-Calvo, Metal. (2000) Science 288:669-672), severe combined 
immunodeficiency syndrome associated with an inherited adenosine deaminase (ADA) deficiency 
(Blaese, RM. et aL (1995) Science 270:475-480; Bordignon, C. et al (1995) Science 270:470-475), 
cystic fibrosis (Zabner, J. et al. (1993) Cefl 75:207-216; Crystal, R.G. et al (1995) Hum. Gene 
Therapy 6:643-666; Crystal, R.G. et al. (1995) Hum. Gene Therapy 6:667-703), thalassamias, familial 

30 hypercholesterolemia, and hemophilia resulting from Factor Vm or Factor IX deficiencies (Crystal, 
R.G. (1995) Science 270:404-410; Verma, I.M. andN. Somia (1997) Nature 389:239-242)), (ii) 
express a conditionally lethal gene product (e.g., in tiie case of cancers which result ftom unregulated 
cell proliferation), or (iii) express a protein which affords protection against intracellular parasites (e.g.. 
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against human retroviruses, snch as human immunodeficiency virus (HIV) (Baltimore, D. (1988) 
Nature 335:395-396; PoescUa, E. et al. (1996) Proc. Natl. Acad. Sci. USA 93:11395-11399), hepatitis 
B or C virus (HBV, HCV); fungal parasites, such as Candida albicans and Paracoccidioides 
brasiliensis ; and protozoan parasites such as Plasmodium falciparum and Trypanosoma cruzi) . In the 
5 case where a genetic deficiency in NZMS expression or regulation causes disease, the e3q)ression of 
NZMS from an appropriate population of transduced cells may alleviate the clinical manifestations 
caused by the genetic deficiency. 

In a further embodiment of the invention, diseases or disorders caused by deficiencies in 
NZMS are treated by constructizig mammalian expression vectors encoding NZMS and introducing 

10 the^e vectors by mechanical means into NZMS-deficient cells. Mechanical transfer technologies for 
use with cells in vivo or ex vitro include (i) direct DNA microinjection into individual cells, (ii) ballistic 
gold particle delivery, (iii) liposome-mediated transfection, (iv) receptor-mediated gene transfer, and 
(v) the use of DNA transposons (Morgan, R.A. and W.F. Anderson (1993) Annu. Rev. Biochem. 
62:191-217; Ivies, Z. (1997) Cell 91:501-510; Boulay, J-L. and a R&ipon (1998) Cuir. Opin. 

15 BiotechnoL 9:445-450). . 

Expression vectors fliat may be effective for the e:^ression of NZMS include, but are not 
limited to, the PCDNA 3.1, EPITAG, PRCCMV2, PREP, PVAX, PCR2-TOPOTA vectors 
(Invilxogen, Carlsbad CA), PC3N1V-SGEIIPT, PCMV-TAG, PEGSH/PERV (Stratagene, La Jolla CA), 
and PTBT-OFF, PTET-ON, PTRE2, PTRE2-LUC, PTK-HYG (Qontech, Palo. Alto CA). NZMS 

20 maybe expressed using (i) a constitutively active promoter, (e.g., from cytomegalovirus (CMV)» Rous 
sarcoma virus (RSV), SV40 virus, thymidine kinase (TK), or p-actin genes), (ii) an inducible promoter 
(e.g., the tetracycline-regulated promoter (Gossen, M. and H. Bujard (1992) Proc. Natl. Acad. Sci. 
USA 89:5547-5551; Gossen, M. et al. (19953 Science 268:1766-1769; Rossi, F.M.V. and RM. Blau 
(1998) Curr. Opin. BiotechnoL 9:451-456), commercially available in the T-REX plasmid (Invitrogen)); 

25 the ecdysone-inducible promoter (available in the plasmids PVGRXR and P]ND; Invitrogen); the 

FK506/rapamycin inducible promoter; or the RU486/mifepristone inducible promoter (Rossi, F.M.V. 
and H.M. Blau, supra)), or (iii) a tissue-specific promoter or the native promoter of the endogenous 
gene encoding NZMS from a normal individuaL 

Commercially available liposome transformation kits (e.g. , the PERFECT LIPID 

30 TRANSFECnON KU, available from Invitrogen) allow one with ordinary skill in the art to deliver 
polynucleotides to target cells in culture and require minimal effort to opthnize experimental 
parameters. In the alternative, transformation is performed using the calcium phosphate method 
(Graham, F.L. and A. J. Bb (1973) Virology 52:456-467), or by electroporation (Neumann, E. et al. 
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(1982) EMBO J . 1:841-845). The introduction of DNA to primary ceDs requires modification of these 
standardized mammalian transfection protocols. 

In another embodiment of the invention, diseases or disorders caused by genetic defects with 
respect to NZMS expression are treated by constracting a retrovirus vector consisting of (i) the 
5 polynucleotide encoding NZMS tinder the control of an independent promoter or the retrovirus long 
terminal repeat (LTR) promoter, (ii) appropriate RNA packaging signals, and (iii) a Rev-responsive 
element (RRE) along with additional retrovirus cw-acting RNA sequences and coding sequences 
required for efficient vector propagatioiL Retrovirus vectors (e.g., PFB and PFBNEO) are 
commercially available (Stratagene) and are based on published data (Riviere, L et aL (1995) Proc. 
10 NatL Acad. Sci. USA 92:6733-6737), incorporated by reference herein. The vector is propagated in 
an appropriate vector producing cell line (VPCL) that expresses an envelope gene with a tiopism for 
receptors on the target cells or a promiscuous envelope protein such as VS Vg (Annentano, D. et aL 
(1987) J. Virol. 61:1647-1650; Bender, M.A. et al. (1987) J. ViroL 61:1639-1646; Adam, M.A. and 
A.D. Miller (1988) J. ViroL 62:3802-3806; Dull, T. et aL (1998) J. ViroL 72:8463-8471; Zufferey, R. et 
15 aL (1998) J. ViroL 72:9873-9880). U.S. Patent No. 5,910,434 to Rigg ^Method for obtaining 

retrovirus packaging cell lines producing higji transducing efficiency retroviral supematanf 0 discloses 
a method for obtaining retrovirus packagiug cell lines and is hereby iucoiporated by reference. 
Propagation of retrovirus vectors, transduction of a populatioii of ceDs (e.g., CD4+ T-ceHs), and the 
return of transduced cells to a patient are procedures well known to persons skilled in the art of gene 
20 therapy and have been weH documented (Ranga, U. et al. (1997) J. ViroL 71:7020-7029; Bauer, G. et 
aL (1997) Blood 89:2259-2267; Bons^iadi, MX. (1997) J. ViroL 71:4707-4716; Ranga, U. et aL (1998) 
Proc. NatL Acad. ScL USA 95:1201-1206; Su, L. (1997) Blood 892283-2290). 

In the alternative^ an adenovirus-based gene therapy delivery system is used to deliver 
polynucleotides encoding NZMS to cells which have one or more genetic abnormalities with respect to 
25 the expression of NZMS. The constraction and packaging of adenoviras-based vectors are well 

known to those with ordinary skLQ in the art Replication defective adenovirus vectors have proven to 
be versatile for importing genes encoding inamunoregulatory proteins into intact islets in the pancreas 
(Csete, M.E. et aL (1995) Transplantation 27:263-268). Potentiafly useful adenoviral vectors are 
described in U.S. Patent No. 5,707,618 to Annentano ("Adenovirus vectors for gene therap/')> 
30 hereby incorporated by reference. For adenoviral vectors, see also Antmozzi, RA. et aL (1999) 
Annu. Rev. Nutr. 19:511-544 and Verma, LM. and N. Somia (1997) Nature 18:389:239-242, both 
incorporated by reference herein. 

In another alternative, a herpes-based, gene therapy delivery system is used to deliver 
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polynucleotides cBcoding NZMS to target cells which have one or more genetic abnormalities with 
respect to the expression of NZMS. The use of herpes simplex virus (HSV)-based vectors may be 
especially valuable for introducing NZMS to cells of the central nervous system, for which HS V has a 
tropism. The construction and packaging of herpes-based vectors are well known to those with 
5 ordinary skin in the art. A replication-competent herpes simplex virus (HS V) type 1-based vector has 
been used to deliver a reporter gene to the eyes of primates (liu, X. et al. (1999) Exp. Eye Res. 
169:385-395). The construction of a HSV-1 virus vector has also been disclosed in detail in U.S. 
Patent No. 5,804,413 to DeLuca ('Herpes simplex vims strains for gene transfer")* which is hereby 
incorporated by reference. U.S. Patent No. 5,804,413 teaches the use of recombinant BCSV d92 

10 which consists of a genome contaioing at least one exogenous gene to be transferred to a cell under 
the control of the appropriate promoter for purposes including human gene therapy. Also taught by 
this patent are Ihe construction and use of recombinant HSV strains deleted for ICP4y ICP27 and 
ICP22. For HSV vectors, see also Coins, WJ?. et aL (1999) J. Virol. 73:519-532 andXu, H. et al 
(1994) Dev. Biol. 163:152-161, hereby incorporated by reference. The manipulation of cloned 

15 berpesvims sequences, the generation of recombinant vims following Ibe transfection of multiple 

plasmids containing difierent segments of the large herpesvirus genomes, the growdi and propagation 
of herpesvirus, , and the infection of cells with herpesvirus are tediniques well known to those of 
ordinary skin in the art 

In another ahemative, an alphavirus (positive, single-stranded KNfA virus) vector is used to 

20 deliver polynucleotides encoding NZMS to target cells. The biology of the prototjrpic alphavirus, 
S^nlild Forest Vims (SFV), bas been studied extensively and gene transfer vectors have been based 
on the SFV genome (Garoff, H. and K.-J. Li (1998) Curr. Opin. Biotechnol. 9:464-469). During 
alphavims RNA replication, a subgenonodc RNA is generated that normally encodes the viral capsid 
proteins. This subgenomic RNA replicates to higher levels than the full length genomic RNA, 

.25 resulting in the overproduction of capsid proteins relative to the viral proteins with enzymatic activity 
(e.g., protease and polymerase). Similarly, inserting the coding sequence for NZMS into the 
alphavims genome in place of the capsid-coding region results in the production of a large number of 
NZMS-coding RNAs and the synthesis of high levels of NZMS in vector transduced cells. While 
alphavims infection is typically associated with cell lysis within a few days, the ability to establish a 

30 persistent infection in hamster normal Icidney cells (BHK-2 1) with a variant of Sindbis vims (SIN) 
indicates that the lytic replication of alpbaviruses can be altered to suit the needs of the gene therapy 
application (Dryga, S.A. et aL (1997) Virology 228:74-83). The wide bost range of alpbaviruses win 
allow the introduction of NZMS into a variety of cell types.. The specific transduction of a subset of 
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cells in a population may require the sorting of cells prior to transduction. The methods of 
manipulating infectious cDNA clones of alphaviruses, performing alphavirus cDNA and RNA 
transfections, and performing alphavirus infections, are well known to those with ordinary skill in the 
art 

Oligonucleotides derived from the transcription initiation site, e.g., between about positions -10 
and +10 from the start site, may also be employed to inhibit gene expression. Similarly, inhibition can 
be achieved using triple helix base-pairing methodology. Triple helix pairing is useful because it causes 
inhibition of the ability of the double helix to open sufficiently for the binding of polymerases, 
transcription factors, or regulatory molecules. Recent therapeutic advances using triplex DNA have 
been described in the literature. (See, e.g.. Gee, J.E. et al. (1994) in Huber, B.E. and B.L C:air, 
Molecular and iTimmi nologic Approaches. Futura Publishing, Mt Kisco NY, pp. 163-177.) A 
complementary sequence or antisense molecule may also be designed to block translation of mRNA 
by preventing the transcript from binding to libosomes. 

Ribo2ymes, enzymatic RNA molecules, may also be used to catalyze the specific cleavage of 
RNA. The mechanism of libozyme action involves sequence-specific hybridization of the ribozyme 
molecule to con^lementary target RNA, followed by endonucleolytic cleavage. For example, 
engineered hammerhead motif ribozyme molecules may specifically and efficiently catalyze 
endonucleolytic cleavage of sequences encoding NZMS. 

Specific ribozyme cleavage sites within any potential RNA target are initially identified by 
scannmg the target molecule for ribozyme cleavage sites, including the following sequences: GUA, 
GUU, and GUC. Once identified, short RNA sequences of between 15 and 20 ribonucleotides, 
corresponding to the region of the target gene containing the cleavage site, may be evaluated for 
secondary stractural features which may render the oligonucleotide inoperable. The suitability of 
candidate targets may also be evahiated by testing accessibility to hybridization with complementary 
oligonucleotides using ribonuclease protection assays. 

Complementary ribonucleic acid molecules and ribozymes of the invention may be prepared 
by any method known in the art for the synthesis of nucleic acid molecules. These include techniques 
for chemically synthesizmg oligonucleotides such as solid phase phosphoramidite chemical synthesis. . 
Alternatively, RNA molecules may be generated by in vitro and in vivo transcription of DNA 
sequences encoding NZMS. Such DNA sequences may be incorporated into a wide variety of 
vectors with suitable RNA polymerase promoters such as T7 or SP6. Alternatively, these cDNA 
constmcts that synthesize complementary RNA, constitutively or inducibly, can be introduced into cell 
lines, cells, or tissues. 



77 



wo 02/064795 



PCT/US02/03814 



KNA molecules may be modified to increase intracellalar stability and half-life. Possible 
modifications include, but are not limited to, the addition of flanking sequences at the 5' and/or 3 * ends 
of the molecule, or the use of phosphorothioate or 2' O-mefhyl rather than phosphodiesterase linkages 
within the backbone of the molecule. This concept is inherent in the production of PNAs and can be 
5 extended in all of these molecules by the inclusion of nontraditional bases such as inosine, queosine, 
and wybutosiue, as weU as acetyl-, methyl-, thio-, and similarly modified fonns of adenine, cytidine, 
guanine, thymine, and uridine which are not as easily recognized by endogenous endonucleases. 

An additional embodiment of the invention encompasses a method for screening for a 
compound which is effective in altering expression of a polynucleotide encoding NZMS. Compounds 

10 which may be effective in altering expression of a specific polynucleotide may include, but are not 
limited to, oligonucleotides, antisense oligonucleotides, triple helix-forming oligonucleotides, 
transcription factors and other polypeptide transcriptional regulators, and non-macromolecul^ 
chemical entities which are capable of interacting with specific polynucleotide sequences. Effective 
compounds may alter polynucleotide e^spressionby acting as either inhibitors or promoters of 

15 polynucleotide expression. Thus, in the treatment of disorders associated with increased NZMS 
expression or activity, a compound which specifically inhibits expression of the polynucleotide 
encoding NZMS may be therapeutically useful, and in the treatment of disorders associated with 
decreased NZMS expression or activity, a compotmd which specifically promotes expression of the 
polynucleotide encoding NZMS may be therapeutically useful 

20 At least one, and up to a plurality, of test compounds may be screened for effectiveness in 

altering expression of a specific polynucleotide. A test compound may be obtained by any method 
commonly known in the art, including chemical modification of a compound known to be effective in 
altering polynucleotide expression; selection from an existing, commercially-available or proprietary 
library of naturaUy-occurring or non-natural chemical compounds; rational design of a compound 

25 based on chemical and/or structural properties of the target polynucleotide; and selection from a 
library of chemical compo\mds created combiuatorially or randomly. A sample comprising a 
polynucleotide encoding NZMS is exposed to at least one test compound thus obtained. The sample 
may comprise, for example, an intact or permeabilized cell, or an in vitro cell-free or reconstituted 
biochemical system. Alterations in the expression of a polynucleotide encoding NZMS are assayed by 

30 any method commonly known in the art Typically, the e:3q)ression of a specific nucleotide is detected 
by h3^ridization with a probe having a nucleotide sequence complementary to the sequence of the 
polynucleotide encoding NZMS. The amount of hybridization may be quantified, thus forming the 
basis for a comparison of the expression of the polynucleotide both with and without exposure to one 
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or more test compoimds. Detection of a cObiange in the expression of a polynucleotide exposed to a 
test coxaponnd indicates that the test compound is efiFective in altering the expression of the 
polynucleotide. A screen for a compound effective in altering expression of a specific polynucleotide 
can be carried out, for example, using a Schizosacx^haromvces pombe gene expression system (Atkins, 
5 D. et al. (1999) U.S. Patent No. 5,932,435; Amdt, G.M. et aL (2000) Nucleic Acids Res. 28:E15) or a 
human cell line such as HeLa cell (Clarke, M.L. et aL (2000) Biochem. Biophys. Res. Commun. 
268:8-13). A particular embodiment of the present invention involves screening a combinatorial library 
of oligonucleotides (such as deoxyribonucleotides, ribonucleotides, peptide nucleic acids, and modified 
oligonucleotides) for antisense activity against a specific polynucleotide sequence (Bruice, T.W. et aL 
10 (1997) U.S. Patent No. 5,686,242; Bruice, T.W, et al. (2000) U.S. Patent No. 6,022,691). 

Many methods for introducing vectors into cells or tissues are available and equally suitable 
for use in vivo, invitro> and ex vivo . For ex vivo therapy, vectors may be introduced into stem cells 
taken fi:om the patient and clonally propagated for autologous transplant back into that same pattenL 
DeBveiy by transfection^ by liposome injections, or by polycationic amino polymers miay be achieved 
15 using methods winch are wefllmown in the art (See, e.g;, Goldman, CKLet^^ 
BiotechnoL 15:462-466.) 

Any of the therapeutic methods described above may be applied to any subject in need of 
such therapy, including, for exan^le, mannnals such as humans, dogs, cats, cows, horses, rabbits, and 
monkeys. 

20 An additional embodiment of the invention relates to the administration of a composition which 

generally comprises an active ingredient formulated with a phamiaceutically acceptable excipient 
Excipients may include, for example, sugars, starches, ceBnloses, gums, and protei^^ Various 
formulations are commonly known and are thoroughly discussed in Ihe latest edition of E^jggtgn^ 
Pharmaceutical Sciences (Maack Publishing, Easton PA). Such compositions may consist of NZMS, 

25 antibodies to NZMS, and mimedcs, agonists, antagonists, or inhibitors of NZMS. 

The compositions utilized in this invention may be administered by any number of routes 
inchiding, but not limited to, oral, intravenous, iutramuscular, mtra-arterial, intramedullary, intrathecal, 
intraventricular, pulmonary, transdermal, subcutaneous, intraperitoneal, intranasal, enteral, topical, 
sublingual, or rectal means. 

30 Compositions for puhnonary administration may be prepared in liquid or dry powder form. 

These compositions are generally aerosolized immediately prior to inhalation by the patient In the 
case of small molecules (e.g. traditional low molecular weight organic dmgs), aerosol delivery of fast- 
acting formulations is well-known in the art. In the case of macromolecules (e.g. larger peptides and 
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proteins), recent developments in the field of pulmonary delivery via the alveolar region of the tang 
have enabled the practical delivery of drags such as insulin to blood circulation (see, e.g., Patton, J.S. 
et al, U.S. Patent No. 5,997,848). Ptilmonary delivery has the advantage of administration without 
needle injection, and obviates the need for potentially toTQC penetration enhancers. 

5 Compositions suitable for use in the invention include compositions wherein the active 

ingredients are contained in an effective amount to achieve the intended purpose. The determination 
of an effective dose is well witiiin the capability of those skilled in the art. 

Specialized forms of compositions may be prepared for direct intracellular delivery of 
macromolecules comprising NZMS or jfragments thereof. For example, liposome preparations 

10 containing a cell-impermeable macroinolecule may promote cell fusion and intracellular delivery of the 
macromolecule. Alternatively, NZMS or a fragment thereof may be joined to a short cationic N- 
termiual portion from the HTV Tat-1 protein. Fusion proteins thus generated have been found to 
transduce into the cells of all tissues, inctading the brain, in a mouse model system (Schwarze, S.R. et 
al (1999) Science 285:1569-1572). 

15 For any compound, the therapeutically effective dose can be estimated initiaUy either in cell 

culture assays, e.g., of neoplastic cells, or in animal models such as mice, rats, rabbits, dogs, monkeys, 
or pigs. An animal model may also be used to determine the appropriate concentration range and 
route of administration. Such information can then be used to determiue useful doses and routes for 
administration in humans. 

20 A therapeutically effective dose refers to that amount of active ingredient, for exanqile N2IMS 

or fragments thereof, antibodies of NZMS, and agonists, antagonists or iohibitors of NZMS, which 
ameliorates the symptoms or condition. Therapeutic efficacy and toxicity maybe determined by 
standard pharmaceutical procedures in cell cultures or with experimental animals, such as by 
calculating the ED50 (tiie dose therapeutically effective in 50% of the population) or LD50 (the dose 

25 letiial to 50% of the population) statistics. The dose ratio of toxic to therapeutic effects is the 

therapeutic index, which can be expressed as the LD50/ED5Q ratio. Compositions which exhibit large 
therapeutic indices are preferred. The data obtained from cell culture assays and animal studies are 
used to fomiulate a range of dosage for human use. The dosage contained in such compositions is 
preferably within a range of circulating concentrations that includes the ED50 with little or no toxicity. 

30 The dosage varies within this range depending upon the dosage form employed, the sensitivity of the 
patient, and the route of administration. 

The exact dosage wiH be determined by the practitioner, in light of factors related to the 
subject requiring treatment. Dosage and administration are adjusted to provide sufficient levels of the 
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active moiety or to maintain flie desired effect Factors which may be taken into account include the 
severity of the disease state, the general health of the subject, the age, weight, and gender of the 
subject, time and frequency of administration, drug combination(s), reaction sensitivities, and response 
to therapy. Long-acting compositions may be administered every 3 to 4 days, every week, or 
5 biweekly depending on the half-life and clearance rate of the particular formulation. 

Normal dosage amounts may vary from about 0.1 jxg to 100,000 Mg, up to a total dose of 
about 1 grain, depending upon the route of administration. Guidance as to particular dosages and 
methods of deKvery is provided ia the literature and generally available to practitioners in the art. 
Those skmed in tiie art will employ different formulations for nucleotides than for proteins or their 
10 mhibitois. Similarly, delivery of polynucleotides or polypeptides win be specific to particular cells, 
conditions, locations, ete. 
DIAGNOSTICS 

In another embodimeait, antibodies which spedfically bind NZMS may be used for the 
diagnosis of disorders characterized by expression of NZMS, or m assays to monitor patients being 
treated with NZMS or agonists, antagonists, or iiihibitors of NZMS. Antibodies useful for diagnostic 
purposes may be prepared in the same manner as described above for therapeutics. Diagnostic 
assays for NZMS mclude methods wMchutiBze the antibody and alabelto detectNZMS inhuman 
body fluids or in extracts of cells or tissues. Ihe antibodies may be used with or wifliout modification, 
and may be labeled by covalent or non-covalent attachment of a reporter molecule. A wide variety of 
reportear molecules, several of whidh are described above, are known in flie art and may be used. 

A variety of protocols for measuring NZMS, includmg EUSAs, RIAs, and FACS, are known 
in the art and provide a basis for diagnosmg altered or abnormal levels of NZMS expression. Normal 
or standard values for NZMS expression are established by combining body fluids or cefl extracts 
taken from normal mammalian subjects, for example, human subjects, with antibodies to NZMS under 
25 conditions suitable for complex formation. The amount of standard complex formation may be 
quantitated by various methods, such as photometric means. Quantities of NZMS expressed in 
subject, control, and disease samples from biopsied tissues are compared witiithe standard values. 
Deviation between standard and subject values establishes the parameters for diagnosing disease. 

In another embodnnent of the mvention, the polynucleotides encoding NZMS may be used for 
diagnostic purposes. The polynucleotides which may be used include oligonucleotide sequences, 
complementary RNA and DNA molecules, and PNAs. The polyaucleotides may be used to detect 
and quantify gene expression in biopsied tissues in which expression of NZMS maybe correlated with 
disease. The diagnostic assay may be used to determme absence, presence, and excess expression of 
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NZMS, and to monitor regulation of NZMS levels during therapeutic intervention. 

In one aspect, hybridization with PGR probes which are capable of detecting polynucleotide 
sequences, including genonoic sequences, encoding NZMS or closely related molecules maybe used to 
identify nucleic acid sequences which encode NZMS. The specificity of the probe, whether it is made 
5 from a highly specific region, e.g., the 5 'regulatory region, or from a less specific region, e.g., a 
conserved motif, and the stringency of the hybridization or amplification will determine whether the 
probe identifies only naturally occnrring sequences encoding NZMS, allelic valiants, or related 
sequences. 

Probes may also be used for the detection of related sequences, and may have at least 50% 

10 sequence identity to any of the NZMS encoding sequences. The hybridization probes of the subject 
invention maybe DNA or RNA and maybe derived from the sequence of SEQ ID NO:12-22 or from 
genomic sequences including promoters, enhancers, and introns of the NZMS gene. 

Means for producing specific hybridization probes for DNAs encoding NZMS include the 
cloning of polynucleotide sequences encoding NZMS or NZMS derivatives into vectors for the 

15 production of roKNA probes. Such vectors are known in the art, are conmnercially available, and may 
be used to synthesize RNA probes in vitro by means of the addition of the appropriate RNA 
polymerases and the appropriate labeled nucleotides. Hybridization probes may be labeled by a 
variety of reporter groups, for example, by radionuclides such as ^^P or ^^S, or by enzymatic labels, 
such as alkaline phosphatase coupled to the probe via avidin/biotin coupliog systems, and the like. 

20 Polynucleotide sequences encoding NZMS may be used for the diagnosis of disorders 

associated with expression of NZMS. Examples of such disorders include, but are not limited to, an 
immune system disorder such as acquired immunodeficiency syndrome (AIDS), Addison's disease, 
adult respiratory distress syndrome, allergies, ankylosing spondylitis, amyloidosis, anemia, asthma, 
atherosclerosis, autoimmune hemolytic anemia, autoimmune thyroiditis, autoimmune 

25 polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED), bronchitis, cholecystitis, contact 

dermatitis, Crohn's disease, atopic dermatitis, dermatomyositis, diabetes mellitus, emphysema, episodic 
lyn^hopenia with lymphocytotoxins, erythroblastosis fetalis, erythema nodosum, atrophic gastritis, 
glomerulonephritis, Goodpasture's syndrome, gout. Graves' disease, Hashimoto's thyroiditis, 
hypereosinopHlia, irritable bowel syndrome, multiple sclerosis, myasthenia gravis, myocardial or 

30 pericardial inflammation, osteoarthritis, osteoporosis, pancreatitis, polymyositis, psoriasis, Reiter's 
syndrome, dieumatoid arthritis, scleroderma, Sjogren's s3aidrome, systemic anaphylaxis, systemic 
lupus erythematosus, systenoic sclerosis, thrombocytopenic purpura, ulcerative colitis, uveitis, Werner 
syndrome, complications of cancer, hemodialysis, and extracorporeal circulation, viral, bacterial. 
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fiiBgal, parasitic, protozoal, and helminlhic infections, and trauma; an inmrnne deficiency such as 
acquired immunodeficiency syndrome (AIDS), X-linked aganamaglobinemia of Bruton, common 
variable immunodeficiency (CVI), DiGeorge's syndrome (thymic hypoplasia), thymic dysplasia, 
isolated IgA deficiency, sevae combined immtmodeficiency disease (SC3D), immunodeficiency with 
fhrombocytopenia and eczema (Wiskott-Aldrich syndrome), Chediak-Higashi syndrome, chronic 
granulomatous diseases, hereditary angioneurotic edema, and mununodeficiency associated with 
Cushing's disease; a developmental disorder such as renal tabular acidosis, anemia, Cushing's 
syndrome, achondroplastic dwarfism, Duchenne and Becker muscular dystrophy, epilepsy, gonadal 
dysgenesis, WAGR syndrome (Wihns' tumor, aniridia, genitourinary abnormalities, and mental 
retardation), Smilh-Magenis syndrome, myelodysplastic syndrome, hereditary mucoepitheKal dysplasia, 
hereditary keratpdennas, hereditary neuropafliies such as Chaicot-MarierTooth disease and 
neurofibromatosis, hypothyroidism, hydrocephalus, seizure disorders such as Syndenham's chorea and 
cerebral palsy, spina bifida, anencephaly, craniorachischisis, congenital glaucoma, cataract, and 
sensorineural hearing loss; an eye disorder sndi as ocular hypertension and ^coma; a metabolic 
disorder such as SjoegrenrLarsson syndrome (SLS), hyperprolinemia, type n, acute alcohol 
intoxication, adrenoleukodystrophy, Alport's syndrome, choroideremia, Duchenne and Bepker 
inoscular dystrophy, Down's syndrome, cystic fibrosis, chronic granulomatous disease, Gaucher's 
disease, Qintmgton's chorea, Maifen's syndrome, muscular dystrophy, myotonic dystrophy^ 
pycnodysostosis, Refeum's syndrome, retinoblastoma, sickle cell anemia, fhalassenua, Werner 
syndrome, von Willebrand's disease, Wihns' tumor, Zeflweger syndrome, peroxisomal acyl-CoA 
oxidase deficiraicy, peroxisomal fhiolase defidency, peroxisomal bifunctional protein deficiency, 
mitochondrial carnitine pahnitoyl transferase and carnitine deficiency, mitochondrial very-long-chain 
acyl-CoA dehydrogMiase deficiency, mitochondrial medium-diain acyl-CoA dehydrogenase 
defioency, mitochondrial short-cham acji-CoA dehydrogenase deficiency, mitochondrial electron 
transport flavoprotean and electron transport flavoprotein:ubiqumone oxidoreductase deficiency, 
mitochondrial trifunctional protein deficiency, and mitochondrial short-chain 3-hydroxyacyl-CoA 
dehydrogenase defidency; and a smooth muscle disorder such as angina, anaphylactic shock, 
arrhythmias, asthma, cardiovascular shock, Cushing's syndrome, hypertension, hypoglycemia, 
myocardial infarction, migraine, and pheochromocytoma, and myopathies inchiding cardiomyopathy, 
encephalopathy, epilepsy, Keams-Sayre syndrome, lactic acidosis, myoclonic disorder, and 
ophlhahnoplegia, hyperammonemia, trimethylaminuria (fish-odor syndrome), 3-hydroxydicarboxylic 
aciduria, dicarboxyhc aciduria, xanthmuria. congenital lipoid adrenal hyperplasia (CLAH), albinism type 
m, hyperinsulinism-hyperammonemia syndrome (HHS), ghitaric addemia type I (GA-I), familial 
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recurrent myoglobinuria, insulin resistance, hereditary thymine- uracfluria (familial pyrimidinemia), 
idiopathic sidereoblastic anemia (AISA), neonatal adrenoleukodystrophy, hypoxia, increased damage 
to tissues caused by trauma, radiation and ultraviolet exposure, liver dysfunction, marked obesity, 
methemoglobineniia (HMl, HM2, and HM3), hypeitrophic hirsutism with amenorrhea, and 

5 Hermansky-Pudlack syndrome, Reye's syndrome, hypoketotic hypoglycemia, isovaleric acidemia, and 
chronic hemolytic anemia; a neurological disorder such as epilepsy, ischemic cerebrovascular disease, 
stroke, cerebral neoplasms, Alzheimer's disease. Pick's disease, Huntington's disease, dementia, 
Parkinson's disease and other extrapyramidal disorders, amyotrophic lateral sclerosis and other motor 
neuron disorders, progressive neural muscular atrophy, retinitis pigmentosa, hereditary ataxias, multiple 

10 sclerosis and other demyeliaating diseases, bacterial and viral meningitis, brain abscess, subdural 
empyema, epidural abscess, suppurative intracranial thrombophlebitis, myelitis and radiculitis, viral 
central nervous system disease, prion diseases including kuru, Creutzfeldt-Jakob disease, and, 
Gerstmatm-Straussler-Scheinker syndrome, fatal familial insonmia, nutritional and metabolic diseases 
of the nervous system, neurofibromatosis, tuberous sclerosis, cerebelloretinal hemangioblastomatosis, 

15 encephalotrigeminal syndrome, mental retardation and other developmental disorders of the central 
nervous system iucludiag Down s3nDLdrome, cerebral palsy, neuroskeletal disorders, autonomic nervous 
system disorders, cranial nerve disorders, spinal cord diseases, muscular dystrophy and other 
neuromuscular disorders, peripheral nervous system disorders, deixaatomyositis and poljonyositis, 
inherited, metabolic, endocrine, and toxic myopathies, myasthenia gravis, periodic paralysis, mental 

20 disorders including mood, anxiety, and schizophrenic disorders, seasonal affective disorder (SAD), 
akadiesia, amnesia, catatonia, diabetic neuropathy, tardive dyskinesia,dystonia5, paranoid psycxhoses, 
postherpetic neuralgia, Tourette's disorder, progressive supranuclear palsy, corticobasal degeneration, 
familial frontotemporal dementia, and Lesch-Nyan syndrome; a cardiovascular disorder such as 
Raynaud's disease, aneurysms, arterial dissections, varicose veins, thrombophlebitis and 

25 phlebothrombosis, vascular tumors, and complications of thrombolysis, balloon angioplasty, vascular 
replacement, and coronary artery bypass graft surgery, congestive heart failure, ischemic heart 
disease, angtna pectoris, myocardial infarction, hypertensive heart disease, degenerative valvular heart 
disease, calcific aortic valve stenosis, congenitaUy bicuspid aortic valve, mitral annular calcification, 
mitral valve prolapse, rheumatic fever and rheumatic heart disease, infective endocarditis, nonbacterial 

30 thrombotic endocarditis, endocarditis of systemic lupus erythematosus, carcinoid heart disease, 
cardiomyopathy, myocarditis, pericarditis, neoplastic heart disease, congenital heart disease, and 
complications of cardiac transplantation; a pulmonary disorder such as congenital lang anomalies, 
atelectasis, pulmonary congestion and edema, pulmonary embolism, puhaonary hemorrhage, pulmonary 
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infarction, puhnonaiy hypertension, vascular scOerosis, obstractive pulmonary disease, restrictive 
pulmonary disease, chrbnic obstractive pulmonary disease, emphysema, chronic bronchitis, bronchial 
asthma, bronchiectasis, bacterial pneumonia, viral and mycoplasmal pneumoiiia, lung abscess, 
pulmonary tuberculosis, diffuse interstitial diseases, pneumoconioses, sarcoidosis, idiopathic puhnonaiy 
fibrosis, desquamative interstitial pneumonitis, hypersensitivity pneumonitis, pulmonary eosiaophilia 
bronchiolitis obhterans-organizing pneumonia, difRise puhnonary hemorrhage syn(iix>mes, 
Goodpasture's syndromes, idiopathic pulmonary hemosiderosis, pulmonary involvement in 
collagen-vascular disorders, pulmonary alveolar proteinosis, hmg tumors, inflammatory and 
noninflanomatory pleural effusions, pneumothorax, pleural tumors, drug-induced ling disease, radiation- 
induced lung disease, and complications of hmg transplantation; an infection by parasites classified as 
plasmodmm or malaria-causing, parasitic entamoeba, leishmania, trypanosoma, toxoplasma, 
Pneumocystis carinii, intestinal protozoa such as giardia, trichomonas, tissue nematodes such as 
trichinella, intestinal nematodes such as ascaris. lymphatic filarial nematodes, trematodes such as 
schistosoma, and cestodes (tapeworm); and a cell jwoKferatiye disorder such as actinic loaatosis, 

15 arteriosclerosis, aflierosclerosis, bursitis, drAosis, hepatitis, mixed comiective tissue disease (MC^ 
myelofibrosis, paroxysmal nocturnal heamogtobinuria, polycyfliemia vera, psoriasis, primary 
fluombocydjemia, and canaas inclnding adenocardnoma, leukemia, lymphoma, melanoma, myeloma, 

sarcoma, tMatocardnonia, and, in particular, canceas of the adrenal gland, bladder, bone, bone 
manow, brain, breast, cavix, gafl bladder, gangHa, gastrointestinal tract, heart, kidney, Hver, hmg, 
muscle, ovary, pancreas, parathyroid, penis, prostate, saKvary glands, skin, spleen, testis, thymus, 
thyroid, and uteras. The polynucleotide sequences encoding NZMS may be used in Southern or 
northem analysis, dot blot, or oflier membrane-based technologies; in PGR technologies; in dipstick, 
pin, and muMformat EUSA-like assays; and in microarrays utilizing fluids or tissues from patients to 
detect altered NZMS egression. Such qualitative or quantitative methods are well known in the art 
In a particular aspect, flie nucleotide sequences encoding NZMS may be nsefiil in assays that 
detect the presence of associated disorders, particularly those mentioned above. Ihe nucleotide 
sequences encoding MZMS may be labeled by standard methods and added to a fluid or tissue sample 
from a patient under conditions suitable for the formation of hybridization complexes. After a suitable 
incubation period, tiie sample is washed and ihe signal is quantified and compared with a standard 
value. If tile amount of signal in the patient sample is significantly altered in comparison to a control 
sample then the presence of altered levels of nucleotide sequences encoding NZMS in the sample 
indicates the presence of the associated disorder. Such assays may also be used to evaluate the 
efficacy of a particular therapeutic treatment regimen in animal studies, in clinical trials, or to monitor 
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the treatment of an individual patient. 

In order to provide a basis for the diagnosis of a disorder associated with expression of 
NZMS, a normal or standaid profile for expression is established. This may be accomplished by 
combining body fluids or cell extracts taken from normal subjects, either animal or human, with a 

5 sequence, or a fragment thereof, encoding NZMS, under conditions suitable for hybridization or 

amplification. Standard hybridization may be quantified by comparing the values obtained from normal 
subjects with values from an experiment in which a laiown, amount of a substantially purified 
polynucleotide is used. Standard values obtained in this maimer may be compared with values 
obtained from samples from patients who are symptomatic for a disorder. Deviation from standard 

10 values is used to establish the presence of a disorder. 

Once the presence of a disorder is established and a treatment protocol is initiated, 
hybridization assays may be repeated on a regular basis to determine if the level of expression in the 
patient begins to approximate that which is observed in the normal subject The results obtained from 
successive assays may be used to show the efficacy of treatment over a period ranging from several 

15 days to months. 

With respect to cancer, the presence of an abnonnal amount of transaipt (either under- o 
overexpressed) in biopsied tissue frx>m an individual may indicate a predisposition for the development, 
of the disease, or may provide a means for detecting the disease prior to the appearance of actual 
clinical s3anptoms. A more definitive diagnosis of this type may allow health professionals to employ 

20 preventative measures or aggressive treatment earlier thereby preventing the development or further 
progression of the cancer. 

Additional diagnostic uses for oligonucleotides designed from the sequences encoding NZMS 
may involve the use of PGR. These oligomers may be chemically synthesized, generated 
enzymatically, or produced in vitro . Oligomers will preferably contain a fragment of a polynucleotide 

25 encoding NZMS, or a fragment of a polynucleotide complementary to the polynucleotide encoding 
NZMS, and will be employed under optimized conditions for identification of a specific gene or 
condition. Oligomers may also be employed under less stringent conditions for detection or 
quantification of closely related DNA or RNA sequences. 

In a particular aspect, oligonucleotide primers derived from the polynucleotide sequences 

30 encoding NZMS may be used to detect single nucleotide polymorphisms (SNPs). SNPs are 

substitutions, insertions and deletions that are a frequent cause of inherited or acquired genetic disease 
in humans. Methods of SNP detection include, but are not limited to, single-stranded conformation 
polymorphism (SSCP) and fluorescent SSCP (fSSCP) methods. In SSCP, oligonucleotide primers 
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derived from the polynucleotide sequences encoding NZMS are used to ampliiy DNA using the 
polymerase chain reaction (PGR). The DNA may be derived, for example, from diseased or normal 
tissue, biopsy samples, bodily fluids, and the like. SNPs in flie DNA cause differences in the 
secondary and tertiary stractores of PGR products in single-stranded form, and these differences are 
5 detectable using gel electrophoresis in non-denaturing gels. In fSCCP, the oligonucleotide primers are 
fluorescently labeled; which aflows detection of the iamplimers in high-throughput equipment such as 
DNA sequencing machines. Additionally, sequence database analysis methods, termed in silico SNP 
(isSNP), are capable of identifying polymorphisms by comparing the sequence of individual 
overlapping DNA fragments which assemble into a common consensus sequence. These computer- 
10 based methods filter out sequence variations due to laboratory preparation of DNA and sequencing 
errors using statistical models and automated analyses of DNA sequence chromatograms. In the 
alternative, SNPs maybe detected and characterized by mass spectrometry using, for example, the 
high throughput MASSARRAY system (Sequenom, Inc., San Diego CA). 

SNPs may be used to study Ihe genetic basis of human disease. For example, at least 16 
15 coiBmon SNPs have been associated with non-insulin-depmdent diabetes meUitus. SNPs are also 
useful for examining differences in disease outcomes in monogenic disorders, such as cystic fibrosis, 
sickle cell anemia, or chronic granulomatous disease. For example, variants in the mannose-binding 
lectin, MBL2, have been shown to be correlated with deleterious puhnonary outcomes in cystic 
fibrosis. SNPs also have utility in pharmacogenomics, the identification of genetic variants that 
20 influence a patient's response to a drag, such as life-threatening toxicity. For example, a variation in 
N-acetyl transferase is associated with a high incidence of peripheral neuropathy in response to the 
anti-tuberculosis drag isoniazid, while a variation in the core promoter of the ALOX5 gene results in 
diminished clinical response to treatment with an anti-asthma drag that targets the 5-Kpoxygenase 
pathway. Analysis of the distribution of SNPs in different populations is useful for investigating 
25 genetic drift, mutation, recombiaation, and selection, as well as for tracing the origins of populations 
and their migrations. (Taylor, J.G. et al. (2001) Trends Mol. Med. 7:507-512; Kwok, P.-Y. and Z. Gu 
(1999) MoL Med. Today 5:538-543; Nowotny, P. et al. (2001) Curr. Opin. Neurobiol. 11:637-641.) 

Methods which may also be used to quantify the ejqjression of NZMS inchide radiolabeling or 
biotmylating nucleotides, coamplification of a control nucleic acid, and interpolating results from 
30 standard curves. (See, e.g., Melby, P.C. et al. (1993) J. Immunol Methods 159:235-244; Duplaa, C. 
et al (1993) Anal. Biochem. 212:229-236.) The speed of quantitation of multiple samples maybe 
accelerated by running the assay in a high-throughput format where the oligomer or polynucleotide of 
interest is presented in various dilutions and a spectrophotometric or colorimetric response gives rapid 
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quaBtitation. 

In farther embodiments, oligonucleotides or longer fragments derived from any of the 
polynucleotide sequences described herein may be used as elements on a microarray. The microarray 
can be used in transcript imaging techniques which monitor the relative expression levels of large 

5 numbers of genes simultaneously as described below. The microarray may also be used to identify 
genetic variants, mutations, and polymorphisms. This information may be used to determine gene 
fanction, to understand the genetic basis of a disorder, to diagnose a disorder, to monitor 
progression/regression of disease as a fanction of gene expression, and to develop and monitor the 
activities of therapeutic agents in the treatment of disease. In particular, this information may be used 

10 to develop a pharmacogenpmic profile of a patient in order to select the most appropriate and effective 
treatment regimen for that patient. For example, therapeutic agents which are highly effective and 
display the fewest side effects may be selected for a patient based on his/her phannacogenon^c 
profile. 

In another embodiment, NZMS, fragments of NZMS, or antibodies specific for NZMS may 

15 be used as elements on a microarray. The microarray may be used to monitor or measure protein- 
protein interactions, drug-target interactions, and gene expression profiles, as described above. 

' A particular embodiment relates to the use of the polynucleotides of the present invention to 
generate a transcript linage of a tissue or cell type. A transcript image represents the global patten of 
gene expression by a particular tissue or cell type. Global gene expression patterns are analyzed by 

20 quantifying the number of caressed genes and their relative abundance imder given conditions and at 
a given time. (See Seilhamer et aL, "Comparative Gene Transcript Analysis," U.S. Patent No. 
5,840,484, expressly incorporated by reference herein.) Thus a transcript image maybe generated by 
hybridizing the polynucleotides of the present invention or their complements to the totality of 
transcripts or reverse transcripts of a particular tissue or cell type. In one embodiment, the 

25 hybridization takes place in high-throughput format, wherein the polynucleotides of the present 
invention or their complements comprise a subset of a plurality of elements on a microarray. The 
resultant transcript image would provide a profile of gene activity. 

Transcript images may be generated using transcripts isolated from tissues, cell lines, biopsies, 
or other biological samples. The transcript image may thus reflect gene expression in vivo, as in the 

30 case of a tissue or biopsy sample, or in vitro , as in the case of a cell line. 

Transcript images which profile the expression of the polynucleotides of the present invention 
may also be used in conjunction with in vitro model systems and preclinical evaluation of 
pharmaceuticals, as well as toxicological testing of industrial and naturally-occurring environmental 
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compounds. All compoimds induce characteristic gene e:q>ression pattenis, frequently tenned 
molecular fingerprints or toxicant signatures, which are indicative of mechaniisms of action and toxicity 
(ISfuwaysir, E.R et aL (1999) MoL Carcinog. 24:153-159; Steiner, S. and NX. Anderson (2000) 
ToxicoL Lett. 112-113:467-471, oxpressly incoiporated by.reference herein). If a test compound has a 
5 signature similar to that of a compound with known toxicity, it is likely to share those toxic properties. 
These fingerprints or signatures are most useful and refined when they contain expression information 
from a large number of genes and gene families. Ideally, a genomerwide measurement of expression 
provides the highest quality signature. Even genes whose expression is not altered by any tested 
compounds are important as well, as the levels of expression of these genes are used to normalize the 
rest of the expression data. The normalization procedure is usefril for comparison of expression data 
after treatment with different compounds. While the assignment of gene function to elements of a 
toxicant signature aids in interpretation of toxicity mechanisms, knowledge of gene function is not 
necessary for the statistical matching of signatures which leads to prediction of toxicity, (See, for 
example. Press Release 00-02 from flie National Institute of Enwonmental Health Sciences, released 
February 29, 2000, available athtlp:/A)mw.niehs.nih.gov/ocMews/toxchq>Ji^ Therefore, it is 
important and desirable in toxicological screening using toxicant signatures to include all expressed 
gene sequences. 

In one embodiment, tihc toxicity of a test compoxmd is assessed by treating a biological sample 
containing nucleic acids with the test compound. Nucleic acids that are expressed iu the treated 
biological sample are hybridized with one or more probes specific to the polynucleotides of the present 
invention, so that transcript levels corresponding to the polynucleotides of the present invention maybe 
quantified. The transcript levels in the treated biological sample are compared with levels in an 
untreated biological saimple. Differences in the transcript levels between the two samples are 
indicative of a toxic response caused by the test compound in the treated sample. 

Another particular embodiment relates to the use of the polypeptide sequences of the present 
invention to analyze the proteome of a tissue or cell type. The term proteome refers to flic global 
pattern of protein expression in a particular tissue or cell type. Each protein component of a proteome 
can be subjected individually to further analysis. Proteome expression patterns, or profiles, are 
anal3^ed by quantifying the number of expressed proteins and their relative abundance under given 
conditions and at a given time. A profile of a cell's proteome may thus be generated by separating 
and analyzing the polypeptides of a particular tissue or cell type. In one embodiment, the separation is 
achieved using two-dimensional gel electrophoresis, in which proteins from a sample are separated by 
isoelectric focusing in the first dimension, and then according to molecular weight by sodium dodecyl 
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sulfate slab gel electrophoresis in the second dimension (Steiner and Anderson, supraV The proteins 
are visualized in the gel as discrete and uniquely positioned spots, typically by staining the gel with, an 
agent such as Coomassie Blue or silver or fluorescent stains. The optical density of each protein spot 
is generally proportional to the level of the protein in the sample. The optical densities of equivalently 

5 positioned protein spots from different samples, for example, from biological samples either treated or 
untreated with a test compound or therapeutic agent, are compared to identify any changes in protein 
spot density related to the treatment. The proteins in the spots are partially sequenced using, for 
example, standard methods employing chemical or enzymatic cleavage followed by mass 
spectrometry. The identity of the protein in a spot may be determined by comparing its partial 

10 sequence, preferably of at least 5 contiguous amino acid residues, to the polypeptide sequences of the 
present invention. In some cases, further sequence data may be obtained for definitive protein 
identification. 

A proteoroic profile may also be generated using antibodies specific for NZMS to quantify the 
levels of NZMS e^qxression. In one embodiment, the antibodies are used as elements on a microarray, 

15 and protein expression levels are quantified by e:^osing the microarray to the sample and detecting 
the levels of protein bound to each array element (Lueking, A. et al. (1999) AnaL Biochem. 270:103- 
111; Mendoze, L G. et aL (1999) Biptechniques 27:778-788). Detection maybe pafonned by a 
variety of methods known in the art, for example, by reacting the proteins in tb& sample with a thiol- or 
amino-reactive fluorescent cor[q>oim^d and detecting the amount of fluorescence bound at each array 

20 element 

Toxicant signatures at the proteome level are also useful for toxicological screening, and 
should be analyzed in parallel with toxicant signatures at the transcript level There is a poor 
correlation between transcript and protein abundances for some proteins in some tissues (Anderson, 
N.L. and J. Seilhamer (1997) Electrophoresis 18:533-537), so proteome toxicant signatures may be 

25 useful in the analysis of compounds which do not significantly affect the transcript image, but which 
alter the proteomic profile. In addition, the analysis of transcripts in body fluids is difficult, due to rapid 
degradation of mRNA, so proteomic profiling may be more reliable and informative in such cases. 

In another embodiment, the toxicity of a test compoimd is assessed by treating a biological 
sample containing proteins with the test compound. Proteins that are expressed in the treated 

30 biological sample are separated so that the amoimt of each protein can be quantified. The atnount of 
each protein is compared to the amount of the corresponding protein in an untreated biological sample. 
A difference in the amount of protein between the two samples is indicative of a toxic response to the 
test compound in the treated sample. Individual proteins are identified by sequencing the amino acid 
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residues of the individual proteins and comparing these partial sequences to the polypeptides of the 
present invention. 

In another enibodiment, the toxicity of a test compound is assessed by treating a biological 
sample containing proteins with the test compound. Proteins from the biological sample are incubated 
with antibodies specific to the polypeptides of the present invention. The amoiint of protein recognized 
by the antibodies is quantified. Hie amount of protein iu the treated biological sample is compared 
with the amount in* an untreated biological sample. A difference in the amount of proteia between the 
two samples is indicative of a toxic response to the test compound in the treated sample. 

Microatrays may be prepared, used, and analyzed using methods known in the art (See, e.g., 
Brennan, T.M. et aL (1995) U.S. Patent No. 5,474,796; Schena, M. et aL (1996) Proc. NatL Acad. 
Sci. USA 93:10614-10619; Baldeschweiler et al. (1995) PCT appUcation W095y251116; Shalon, D. et 
aL (1995) PCrr appKcation WO95/35505; HeUer, R.A. et al. (1997) Proc. Natl. Acad. ScL USA 
94:2150-2155; and Heller, MJ. et aL (1997) U.S. Patrnt No. 5,605,662.) Various types of 
microatrays are well known and dioroughly described in DNA Micioarravs: A Practical Approach. 
M. Schena, ed. (1999) Oxford University Press, London, hereby esqjressly incorporated by reference. 

In another embodiment of the invention, nucleic add sequences encoding NZMS may be used 
to generate hybridization probes useful in mapping the naturally occurring genomic sequence. Ei&er 
coding or noncoding sequences may be used, and in some instances, noncoding sequences may be 
preferable over coding sequences. For example, conservation of a coding sequence among membei^ 
of a multi-gene family may potentially cause undesired cross hybridization during chromosomal 
mapping. The sequences may be mapped to a particular chromosome, to a specific region of a 
chromosome, or to artificial chromosome constructions, e.g., human artificial chromosomes (HACs), 
yeast artificial chromosomes (YACs), bacterial artificial chromosomes (B AGs), bacterial PI 
constructions, or single chromosome cDNA libraries, (See, e.g., Harrington, J.J. et al. (1997) Nat. 
Genet 15:345-355; Price, CM. (1993) Blood Rev. 7:127-134; and Trask, B.J. (1991) Trends Genet 
7: 149-154.) Once mapped, the nucleic acid sequences of the invention may be used to develop 
genetic linkage maps, for example, which correlate the inheritance of a disease state with the 
inheritance of a particular chromosome region or restriction fragment length polymorphism (RFLP). 
(See, for example. Lander, E.S. and D. Botstein (1986) Proc. Naa Acad. Sci. USA 83:7353-7357.) 

Fluorescent in situ hybridization (FISH) may be correlated with other physical and genetic 
map data. (See, e.g., Heinz-Ulrich, et al. (1995) in Meyers, supra , pp. 965-968.) Examples of genetic 
map data can be found in various scientific journals or at the Online Mendelian Inheritance in Man 
(OMIM) World Wide Web site. Correlation between the location of the gene encodiQg NZMS on a 
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physical map and a specific disorder, or a predisposition to a specific disorder, may help define the 
region of DNA associated with that disorder and thus may fiirfher positional cloning efforts. 

In situ hybridization of chromosomal preparations and physical mapping techniques, such as 
linkage analysis using established chromosomal markers, may be used for extending genetic maps. 

5 Often the placement of a gene on the chromosome of another mammalian species, such as mouse, 
may reveal associated markers even if the exact chromosomal locus is not known. This information is 
valuable to investigators searching for disease genes using positional cloning or other gene discovery 
techniques. Once the gene or genes responsible for a disease or syndrome have been cradely 
localized by genetic linkage to a particular genomic region, e.g., ataxia-telangiectasia to llq22-23, any 

10 sequences mapping to that area may represent associated or regulatory genes for further investigation. 
(See, e.g., Gatti, R.A. et aL (1988) Nature 336:577-580.) The nucleotide sequence of the instant 
invention may also be used to detect differences in the chromosomal location due to translocation, 
inversion, etc., among normal, carrier, or affected individuals. 

In anofher embodhnent of the invention, N2MS, its catalytic or inaammogeiiic fragments, or 

15 oligopeptides thereof can be used for screenmg libraries of compounds in any of a variety of drag 
screening techniques. The fragment employed in such screening may be free in solution, afBxed to a 
solid support, borne on a cell surface, or located intracellularly. The formation of binding cotdplexes 
between N2MS and the agent being tested maybe measured. 

Another technique for drug screening provides for high throughput screenmg of compounds 

20 having suitable bin^g affinity to the protein of interest (See, e.g., Geysen, et al (1984) PCT 
application WO84/03564.) In this method, large numbers of different small test compounds are 
synfliesized on a solid substrate. The test compounds are reacted with NZMS, or fragments thereof, 
and washed. Bound NZMS is then detected by methods well Imown in the art. Purified NZMS can 
also be coated directly onto plates for use in the aforementioned drug screening techniques! 

25 Alternatively, non-neutralizmg antibodies can be used to capture the peptide and immobilize it on a 
solid support 

In another embodiment, one may use competitive dmg screening assays in which neutralizing 
antibodies capable of binding NZMS specifically compete with a test compound for binding NZMS. In 
this manner, antibodies can be used to detect the presence of any peptide which shares one or more 
30 antigenic deteraainants with NZMS. 

In additional embodiments, the nucleotide sequences which encode NZMS may be used in any 
molecular biology techniques that have yet to be developed, provided the new techniques rely on 
properties of nucleotide sequences that are currently laaown, including, but not limited to, such 
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properties as the triplet genetic code and specific base pair interactions. 

Wifliont further elaboration, it is beKeved fliat one skilled in the art can, using the preceding 
description, utilize the present invention to its fullest extent The following preferred specific 
eiobodiments are, therefore, to be construed as merely illustrative, and not limitative of the remainder 
of the disclosure in any way whatsoever. 

The disclosures of all patents, applications, and publications mentioned above and below, 
including U.S. Ser. No. 60/268,113, U.S. Ser. No. 60/269,215, U.S. Ser. No. 60/272,271, U.S. Ser. 
No. 60/274,091, U.S. Ser. No. 60/274,423, U.S. Ser. No. 60/278,480, and U.S. Ser. No. 60/278,479, 
are hereby expressly incorporated by reference. 

EXAMPLES 

L Construction of cDNA Libraries 

Ihcyte cDNAs were derived fi:om cDNA libraries described in the LBRESEQ GOLD 
database (Incyte Genomics, Palo Alto CA). Some tissues were homogenized and lysed in guaniduuum 
isothiocyanate, while others were homogenized and lysed in phenol or in a suitable mixture of 
denaturants, such as TREOL O-ife Technologies), a monophasic solution of phenol and guanidine 
isothiocyanate. The resulting lysates were centriiuged over CsQ cushions or extracted with 
chloroform. RNA was precipitated from the l3^ates with either isopxopanol or sodium acetate and 
ethanol, or by oflier routine methods. 

Phenol extraction and precipitation of RNA were repeated as necessary to increase RNA 
purity. Insomecases,RNA was treated with DNase. For most libraries, poly(A)+ RNA was 
isolated using oligo d(T)-coupled paramagnetic particles (Promega), OLIGOTEX latex particles 
(QIAGEN, Chatsworfh GA), or an OLIGOTEX mRNA purification kit (QL\GEN), Alternatively, 
RNA was isolated direct^ from tissue lysates using other RNA isolation Mts, e.g., the 
POLY(A)PURE mRNA purification kit (Ambion, Austin TX). 

In some cases, Stratagene was provided with RNA and constructed the corresponding cDNA 
libraries. Oflierwise, cDNA was syufhesized and cDNA libraries were constructed with the 
UNIZAP vector system (Stratagene) or SUPERSCRIPT plasmid system (life Technologies), using 
the recommended procedures or similar methods known in the art (See, e.g., Ausubel, 1997, supra , 
units 5.1-6.6.) Reverse transcription was initiated using oligo d(T) or random primers. Synthetic 
oligonucleotide adapters were ligated to double stranded cDNA, and the cDNA was digested with the 
appropriate restriction enzyme or emym&s. For most libraries, the cDNA was size-selected (300- 
1000 bp) using SEPHACRYL SIOOO, SEPHAROSE CL2B, or SEPHAROSE CL4B colinm 
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chromatography (Amersham Pharmacia Biotech) or preparative agarose gel electrophoresis. cDNAs 
were ligated into compatible restriction enzyme sites of the polylinker of a suitable plasnoid, e.g., 
PBLUESCRIPT plasmid (Stratagene), PSPORTl plasmid (Life Technologies), PCDNA2.1 plasmid 
(Invitrogen, Carlsbad CA), PBK^CMV plasmid (Stratagene), PCK2-TOPOTA plasmid (Invitrogen), 
5 PCMV-ICIS plasmid (Stratagene), pIGEN (Incyte Genomics, Palo Alto CA), pRARE (Incyte 
Genomics), or pINCY (Incyte Genomics), or derivatives thereof. Recombinant plasmids were 
transformed into competent E. coli cells including XLl-Blue, XLl-BlueMRF, or SOLR from 
Stratagene or DH5a, DHIOB, or ElectroMAX DHIOB from life Technologies, 
n. Isolation of cDNA Clones 

10 Plasmids obtained as described in Example I were recovered from host cells by in vivo 

excision using the UNEZAP vector system (Stratagene) or by cell lysis. Plasmids were purified using 
at least one of the following: a Magic or WIZARD Minipreps DNA purification system (Proinega); an 
AGTC Miniprep purification kit (Edge Biosystenas, Gaithersburg MD); and QIAWELL 8 Plasmid, 
QIAWELL 8 Plus Plasmid, QIAWELL 8 Ultra Plasmid purification systems or the R.E.A.L. PREP 

15 96 plasmid purification kit from QIAGEN. Following precipitation, plasmids were resuspended in 0. 1 
ml of distilled water and stored, with or without lyophilization, at 4 **C. 

Alternatively, plasmid DNA .was amplified from host cell lysates using direct link PGR in a 
high-throughput format (Rao, V.B. (1994) Anal. Biochem. 216:1-14). Host cell lysis and thermal 
cycling steps were carried out in a single reaction mixture. Samples were processed and stored in. 

20 384-well plates, and the concentration of amplified plasmid DNA was quantified ftaoromettically using 
PICOGREEN dye (Molecular Pi-obes, Eugene OR) and a I^LUOROSKAN n fluorescence sc^ 
(Labsystems Oy, Helsinki, Finland). 
III. Sequencing and Analysis 

Incyte cDNA recovered in plasmids as described in Example n were sequenced as follows. 

25 Sequencing reactions were processed using standard methods or high-throughput instmmentation such 
as the ABI CATALYST 800 (Applied Biosystems) thermal cycler or the PTC-200 thermal cycler 
(MJ Research) in conjunction with the HYDRA microdispenser (Robbins Scientific) or the 
MICROLAB 2200 (Hamilton) liquid transfer system. cDNA sequencing reactions were prepared 
using reagents provided by Amersham Pharmacia Biotech or supplied in ABI sequencing kits such as 

30 the ABI PRISM BIGDYE Terminator cycle sequencing ready reaction kit (Applied Biosystems). 
Electrophoretic separation of cDNA sequencing reactions and detection of labeled polynucleotides 
were carried out using the MEGABACE 1000 DNA sequencing system (Molecular Dynamics); the 
ABI PRISM 373 or 377 sequencing system (Applied Biosystems) in conjunction with standard ABI 
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pTotocx>ls and base calDing software; or other sequence analysis systems known in the art Reading 
frames within the cDNA sequences were identified using standard methods (reidewed in Ansubel, 
1997, supra, unit 7.7). Some of the cDNA sequences were selected for extension using the 
techniques disclosed in Example VnL 

The polynucleotide sequences derived from Incyfce cDNAs were validated by removing 
vector, linker, and poly(A) sequences and by masking ambiguous bases, using algorithms and 
programs based on BLAST, dynamic programmiug, and dinucleotide nearest neighbor analysis. The 
Incyte cDNA sequences or translations thereof were then queried against a selection of public 
databases such as the GenBank primate, rodent mammalian, vertebrate, and eukaryote databases, and 
BLOCKS, PRINTS, DOMO, PRODOM; PROTEOME databases witb sequences from Homo 
sapiens, Rattus no rvegjcus . Mus musculus , Caenorhabditis elegans , Saccharomvces cerevisiae . 
Schizosaccharomvces pombe. and Candida albicans (Ihcyte Genomics, Palo Alto CA); hidden Markov 
model (HMM)-based protein family databases such as PFAM; and HMM-based protein domain 
databases such as SMART (Schultz et al. (1998) Proc. Natl. Acad. Sd. USA 95:5857-5864; Letunic, 
L et aL (2002) Nucldc Acids Res. 30:242-244). (EJMM is a probabilistic approach which analyzes 
consensus primary structures of gene families. See, for example, Eddy, S.R. (1996) Cuir. Opin. 
Struct BioL 6:361-365.) The queries were j>erfoimed using programs based on BLAST, PASTA, 
BLIMPS, and HMMER. The Incyte cDNA sequences were assembled to produce full length 
polynucleotide sequeuces. Alternatively, GenBank cDNAs, (SenBank ESTs, stitched sequences, 
stretched sequences, or Genscan-predicted coding sequences (see Examples IV and V) were used to 
extend Incyte cDNX assemblages to full length. Assembly was performed using programs based on 
Phred, Phrap, and Consed, and cDNA assemblages were screened for open reading frames using 
programs based on GeneMark, BLAST, and FASTA. The full length polynucleotide sequences were 
translated to derive die corresponding full length polypeptide sequences. AltematiNrely, a polypeptide 
of the invention may begin at any of the mefliionine residues of the lull length translated polypeptide. 
Full length polypeptide sequences were subsequently analyzed by querying against databases such as 
the GenBank proteiu databases (genpept), SwissProt, the PROTEOME databases, BLOCKS, 
PRINTS, DOMO, PRODOM, Prosite, hidden Markov model (HMM)-based protein family databases 
such as PFAM; and HMM-based protein domain databases such as SMART. Full length 
polynucleotide sequences are also analyzed using MACDNASIS PRO software (Hitachi Software 
Engineering, South San Francisco CA) and LASERGENE software (DNASTAR). Polynucleotide 
and polypeptide sequence alignments are generated using default parameters specified by the 
CLUSTAL algorithm as incorporated into the MEGALIGN multisequence aKgnment program 
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(DNASTAR), which also calculates the percent identity between aligned sequences. 

Table 7 summarizes the tools, programs, and algorithms used for the analysis and assembly of 
Incyte cDNA and ftill length sequences and provides applicable descriptions, references, and threshold 
parameters. The first coluimi of Table 7 shows the tools, programs, and algorithms used, the second 
5 column provides brief descriptions thereof, the third cohimn presents appropriate references, all of 
which are incorporated by reference herein in their entirety, and the fourth column presents, where 
applicable, the scores, probability values, and other parameters used to evaluate the strengfli of a 
match between two sequences (the higher the score or the lower the probability value, the greater the 
identity between two sequences). 
10 The programis described above for the assembly and analysis of full length polynucleotide and 

polypeptide sequences were also used to identify polynucleotide sequence fragments from SEQ ID 
NO:12-22. Fragments from about 20 to about 4000 nucleotides which are usefid in hybridization and 
amplification tecimologjes are described in Table 4, column 2. 
IV. Identification and Editing of Coding Sequences from Genomic DNA 
15 Putative enzymes were initially identified by running the Genscan gene identification program 

against public genomic sequence databases (e.g., gbpiri and gbhtg). Genscan is a general-purpose 
gene identification program which analyzes genomic DNA sequences from a variety of organisms 
(See Surge, C. and S. Karlin (1997) J. Mol. BioL 268:78-94, and Burge, C and S. Karlin (1998) Cuir. 
Opin. Struct Biol. 8:346-354). The program concatenates predicted exons to form an assembled 
20 cDNA sequence extending from a methionine to a stop codon. The output of (jenscan is a FASTA 
database of polynucleotide and polypeptide sequences. The maximum range of sequence for (jenscan 
to analyze at once was set to 30 kb. To determine which of these Genscan predicted cDNA 
sequences encode enzymes, the encoded polypeptides were analyzed by querying against PFAM 
models for enzymes. Potential enzymes were also identified by homology to Incyte cDNA sequences 
25 that had been annotated as enzymes. These selected Genscan-predicted sequences were then 
compared by BLAST analysis to the genpept and gbpri public databases. Where necessary, the 
Genscan-predicted sequences were then edited by comparison to the top BLAST hit from genpept to 
correct errors in the sequence predicted by Genscan, such as extra or omitted exons. BLAST 
analysis was also used to fiaid any Incyte cDNA or public cDNA coverage of the Genscan-predicted 
30 sequences, thus providing evidence for transcription. When Incyte cDNA coverage was available, 
this information was used to correct or confirm the Genscan predicted sequence. Full lengfti 
polynucleotide sequences were obtained by assembling Genscan-predicted coding sequences with 
Incyte cDNA sequences and/or public cDNA sequences using the assembly process described in 
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Example HI. Altetnatively, full length polynucleotide sequences were derived entirely from edited or 
unedited Genscan-predicted coding sequences. 

V. Assembly of Genomic Sequence Data with cDNA Sequence Data 
"^Stitched*^ Sequences 

Partial cDNA sequences were extended with exons predicted by the Genscan gene 
identification program described in Example IV. Partial cDNAs assembled as described in Example 
in were mapped to genomic DNA and parsed into clusters containiag related cDNAs and Genscan 
exon predictions from one or more genomic sequences. Each cluster was analyzed using an algorithm 
based on graph theory and dynamic prograruming to integrate cDNA and genoruic infomiation, 
generating possible splice variants that were subsequently confirmed, edited, or extended to create a 
fun length sequence. Sequence intervals in which flie entire length of the interval was present on 
more than one sequence in.the cluster were identified, and intervals thus identified were considered to 
be equivalent by transitivity. For example, if an interval was present on a cDNA and two genomic 
sequences, then all three intervals were considered to be equivalent This process allows unrelated 
but consecutive genomic sequences to be brou^t together, bridged by cDNA sequence. Intervals 
thus identified were ihen "stitched" together by the stitching algorithm in the order that they appear 
along their parent sequences to generate the longest possible sequence, as well as sequence variants, 
linkages between intervals whic3i proceed along one type of parent sequence (cDNA to cDNA or 
genomic sequence to genomic sequence) were given preference over linkages which change parent 
type (cDNA to genomic sequence). The resultant stitched sequences were translated and compared 
by BLAST analysis to the ge]q>ept and gbpri public databases. Incorrect exons predicted by Genscan 
were corrected by comparison to the top BLAST hit from genpept Sequences were further extended 
wifli additional cDNA sequences, or by inspection of genomic DNA, when necessary. 
^'Stretched^^ Sequences 

Partial DNA sequences were extended to full length with an algorithm based on BLAST 
analysis. First, partial cDNAs assembled as described in Example IE were queried against public 
databases such as the GenBank primate, rodent, mammalian, vertebrate, and eukaryote databases 
using the BLAST program. The nearest GenBank protein homolog was then compared by BLAST 
analysis to either Incyte cDNA sequences or GenScan exon predicted sequences described in 
Example IV. A chimOTc protein was generated by using the resultant high-scoring segment pairs 
(HSPs) to map the translated sequences onto the GenBank protein homolog. Insertions or deletions 
may occur in the chimeric protein with respect to the original GenBank proteii^ homolog. The 
GenBank protein homolog, the chimeric protein, or both were used as probes to search for homologous 



97 



wo 02/064795 



PCT/US02/03814 



genomic sequences from the public human genome databases. Partial DNA sequences were 
therefore "stretched" or extended by the addition of homologous genomic sequences. The resultant 
stretched sequences were examined to determine whether it contained a complete gene. 
VI. Chromosomal Mapping of NZMS Encoding Polynucleotides 

5 The sequences which were used to assemble SEQ ID NO: 12-22 were compared with 

sequences from the Incyte LIEESEQ database and public domain databases using BLAST and other 
implementations of the Smith-Waterman algorithm. Sequences from these databases that matched 
SEQ ID NO: 12-22 were assembled into clusters of contiguous and overlapping sequences using 
assembly algorithms such as Phrap (Table 7). Radiation hybrid and genetic mapping data available 

10 from public resources such as the Stanford Human Genome Center (SHGC), Whitehead Institute for 
Genome Research (WIGR), and Gen^on were used to determine if any of the clustered sequences 
had been previously mapped. Inclusion of a mapped sequence in a cluster resulted in the assignment 
of an sequences of that cluster, including its particular SEQ ID NO:, to that map location. 

Map locations are represented by ranges, or intervals, of human chromosomes. The map 

15 position of an interval, in centiMorgans, is measured relative to the terminus of the chromosome' s p- 
ann (The centiMorgan (cM) is a tinit of nieasurement based on recombination fi:equencies between 
chromosomal markers. On average, 1 cM is roughly equivalent to 1 megabase (Mb) of DNA in 
humans, although this can vary widely due to hot and cold spots of recombination.) Ihe cM distances 
are based on genetic markers mapped by G^nethon which provide boundaries for radiation hybrid 

20 markers whose sequences were included in each of the clusters. Human genome maps and other 
resources available to the public, such as the NCBI "GeneMap'99" World Wide Web site 
(http://www.ncbi.nlm.nih.gov/genemap/), can be employed to determine if previously identified disease 
genes raap within or in proximity to the intervals indicated above. 
Vn. Analysis of Polynucleotide Expression 

25 Northern analysis is a laboratory technique used to detect the presence of a transcript of a 

gene and involves the hybridization of a labeled nucleotide sequence to a membrane on which RNAs 
from a particular cell type or tissue have been bound. (See, e.g., Sambrook. supra , ch. 7 ; Ausubel 
(1995) supra, ch. 4 and 16.) 

Analogous computer techniques applying BLAST were used to search for identical or related 

30 molecules in cDNA databases such as GenBaiik or LIEESEQ (hicyte Genomics). This analysis is 

much fester than multiple membrane-based hybridizations. In addition, the sensitivity of the computer 
search can be modified to determine whether any particular match is categorized as exact or similar. 
The basis of the search is the product score, which is defined as: 



98 



wo 02/064795 



PCT/US02/03814 



BLAST Score x Percent Identity 

5 X TniniTnuTn {lengfh(Seq. 1), length(Seq. 2)} 

Hie product score takes into account both the degree of similarity between two sequences and the 
length of the sequence match. The product score is a nonnaKzed value between 0 and 100, and is 
calculated as follows: the BLAST score is multiplied by the percent nucleotide identity and the 
product is divided by (5 times the length of the shorter of the two sequences). The BLAST score is 
calculated by assigning a score of +5 for every base that matches in a high-scoring segment pair 
(HSP), and -4 for every mismatch. Two sequences may share more than one HSP (separated by 
gaps). If there is more than one EBP, then the pair with the highest BLAST score is used to calculate 
the product score. The product score represents a balance between fractLonal overlap and quality in a 
BLAST alignment For example, a product score of 100 is produced only for 100% identity bver the 
entire length of the shorter of the two sequences being compared. A product score of 70 is produced 
either by 100% identity and 70% overlap at one end, or by 88% identity and 100% overlap at the 
other. A product score of 50 is produced either by 100% identity and 50% overlap at one end, or 79% 
identity and 100% overlap. 

Alternatively, polynucleotide sequences encoding NZMS are analyzed with respect to the 
tissue sources from which they were derived. For example, some fall lenglJi sequences are 
assembled, at least in part, wilb overlapping Incyte cDNA sequences (see Exaniple IE), Each cDNA 
sequence is derived fix>m a cDNA library constracted fit>m a human tissue. Each human tissue is 
classified into one of the following organ/tissue categories: cardiovascular system; connective tissue; 
digestive system; embryonic stmctares; endocrine system; exocrine glands; genitalia, female; genitalia, 
male; germ ceLs; hemic and immune system; Kver; musculoskeletal system; nervous system; 
pancreas; respiratory system; sense organs; skin; stomatognathic system; unclassified/mixed; or 
urinary tract The mmaber of libraries iii each category is counted and divided by the total number of 
libraries across all categories. Similarly, each human tissue is classified into one of the following 
disease/condition categories: cancer, cell line, developmental, inflammation, neurological, trauma, 
cardiovascular, pooled, and other, and the number of libraries in each category is counted and divided 
by the total number of Hbraries across all categories. The resulting percentages reflect the tissue- and 
disease-specific expression of cDNA encoding NZMS. cDNA sequences and cDNA library/tissue 
information are found in the LIFESEQ GOLD database (Incyte Genomics, Palo Alto CA). 
VIII. Extension of NZMS Encoding Polynucleotides 
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Full length polyaucleotide sequences were also produced by extension of an appropriate 
fragment of the fall length molecule using oligonucleotide primers designed from this fragment. One 
primer was synthesized to initiate 5' extension of the known fragment, and the other primer was 
synthesized to initiate 3' extension of the laiown fragment. Hie initial primers were designed using 

5 OUGO 4.06 software (National Biosciences), or another appropriate program, to be about 22 to 30 
nucleotides in length, to have a GC content of about 50% or more, and to anneal to the target 
sequence at temperatures of about 68 °C to about 72 °C. Any stretch of nucleotides which would 
result in hairpin structures and primer-primer dimerizations was avoided. 

Selected human cDNA libraries were used to extend the sequence. If more than one 

10 extension was necessaty or desired, additional or nested sets of primers were designed. 

ffighfidehtyampMcation was obtained by PGR using methods wen known in PGR 
was performed in 96-well plates using the PTC-200 thermal cycler (MS Research, Inc.). The reaction 
mix contained DNA template, 200 nmol of each primer, reaction buffer containing Mg^*, 0MH4)2SO4, 
and 2-mercaptoeflianol, Taq DNA polymerase (Amersham Pharmacia Biotech), ELONGASE 

15 enzyme CLife Technologies), and Pfu DNA polymerase (Stratagene), with the following parameters 
for primer pair PCI A and PCE B: Step 1: 94^C, 3 min; Step 2: 94**C, 15 sec; Step 3: 60 ^C, 1 min; 
Step 4: 68 'C, 2 min; Step 5: Steps 2, 3, and 4 repeated 20 times; Step 6: SS'^C, 5 min; Step 7: storage 
at 4''C. In the alternative, the parameters for primer pair T7 and SK+ were as follows: Step 1 : 94 "^C, 
3 min; Step 2: 94^C, 15 sec; Step 3: 57"C, 1 min; Step 4: 68**C, 2 min; Step 5: Steps 2, 3, and 4 

20 repeated 20 times; Step 6: 68*^0, 5 min; Step 7: storage at 4*^0. 

The concentration of DNA in each well was determined by dispensing 100 ^tl HCOGREEN 
quantitation reagent (0*25% (v/v) PICOGREEN; Molecular Probes, Eugene OR) dissolved in IX TE 
and 0.5 ^1 of undiluted PGR product into each well of an opaque fluorimeter plate (Goming Gostar, 
Acton MA), allowing tiie DNA to bind to the reagent. The plate was scanned in a Fhioroskan 11 

25 (Labsystems Oy, Helsinki, Finland) to measure the fluorescence of the sample and to quantify the 
concentration of DNA. A 5 /A to 10 /^l aliquot of the reaction mixture was analyzed by 
electrophoresis on a 1 % agarose gel to determine which reactions were successful in extending the 
sequence. 

The extended nucleotides were desalted and concentrated, transferred to 384-well plates, 
30 digested with CviJI cholera virus endonuclease (Molecular Biology Research, Madison WI), and 
sonicated or sheared prior to religation into'pUG 18 vector (Amersham Pharmacia Biotech). For 
shotgun sequencing, the digested nucleotides were separated on low concentration (0.6 to 0.8%) 
agarose gels, fragments were excised, and agar digested with Agar AGE (Promega). Extended 
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clones were religated using T4 ligase (N&w England Biolabs, Beverly MA) into pUC 18 vector 
(Ameisham Pharmacia Biotech), treated with Pfti DNA polymerase (Stratagene) to fiH-in restriction 
site overhangs, and transfected into competent E. coll cells. Transformed cells were selected on 
antibiotic-containing media, and individual colonies were picked and cultured overnight at 37 in 384- 
well plates in LB/2x carb liquid media. 

The cells were lysed, and DNA was amplified by PGR using Taq DNA polymerase 
(Amersham Pharmacia Biotech) and Pfu DNA polymerase (Stratagene) with the following 
parameters: Step 1: 94*^0, 3 min; Step 2: 94 °C, 15 sec; Step 3: 60°C, 1 min; Step 4: 72X, 2 min; Step 
5; steps 2, 3, and 4 repeated 29 times; Step 6: 72**C, 5 min; Step 7: storage at 4**C DNA was 
quantified by PICOGREEN reagent (Molecular Probes) as described above. Samples with low DNA 
recoveries were reamplified using the same conditions as described above. Samples were diluted wifli 
20% dimethysulfoxide (1:2, vAr), and sequenced using DYENAMIC energy transfer sequencing 
primers and the DYENAMIC DIRECT kit (Amersham Pharmacia Biotecih) or the ABI PKISM 
BIGDYE Terminator cycle sequencing ready reaction kit (Applied Biosystems). 

In Bke manner, full lenglih polynucleotide sequ^ces are verified using the above procedure or 
are used to obtain 5 'regulatory sequences using the above procedure along with oligonucleotides 
designed for such extension, and an appropriate genomic library. 
IX. Idlentification of Single Nuclratide Polymorphisms in NZI!^ 
Polynudeotides 

Common DNA sequence variants known as single nucleotide polymorphisms (SNPs) were • 
identified in SEQ ID NO:12-22 using the LIFESBQ database (Incyte Genomics). Sequences from the 
same gene were clustered together and assembled as described in Example m, allowing the 
identification of all sequence variants in the gene. An algorithm consisting of a series of filters was 
used to distinguish SNPs from other sequence variants. Preliminary filters removed the majority of 
basecall errors by requiring a minimum Phred quality score of 15, and removed sequence alignment 
errors and errors resulting from improper trimming of vector sequences, chimeras, and splice variants. 
An automated procedure of advanced chromosome analysis analysed the original chromatogram files 
in the vicinity of the putative SNP. Clone error filters used statistically generated algorithms to identify 
errors iatroduced during laboratory processing, such as those caused by reverse transcriptase, 
polymerase, or somatic mutation. Clustering error filters used statistically generated algorithms to 
identify errors resulting from clustering of close homologs or pseudogenes, or due to contamination by 
non-human sequences. A final set of filters removed duplicates and SNPs found in immunoglobulins 
or T-cell receptors. 



101 



wo 02/064795 



PCT/US02/03814 



Certain SNPs were selected for AirOier characterization by mass spectrometry using the high 
fhroughput MASSARRAY system (Sequenom, Inc.) to analyze allele frequencies at the SNP sites in 
four different human populations. The Caucasian population comprised 92 individuals (46 male, 46 
female), including 83 from Utah, four French, three Venezualan, and two Amish indiyiduals. The 
5 African population comprised 194 individuals (97 male, 97 female), all Afirican Americans. The 
Hispanic population comprised 324 individuals (162 male, 162 female), all Mexican Hispanic. The 
Asian population comprised 126 individuals (64 male, 62 female) with a reported parental breakdown 
of 43% Chinese, 31% Japanese, 13% Korean, 5% Vietnamese, and 8% otfier Asiaii. Allele 
frequencies were &st analyzed in the Caucasian population; in some cases those SNPs which showed 
10 no allelic variance in this population were not further tested in the other three populations. 

X. Labeling and Use of Individual Hybridization Probes 

Hybridization probes derived from SEQ ID NO: 12-22 are employed to screen cDNAs, 
genomic DNAs» or mRNAs. 'Although the labehng of oligonucleotides, consisting of about 20 base 
pairs, is specifically described, essentially the same procedure is used with larger nucleotide 

IS fragments. Oligonucleotides are designed using state-of-the-art software such as OLIGO 4.06 
software (National Biosciences) and labeled by combining 50 pmol of each oligomer, 250 ji^Ci of 
[y.szpj adenosine triphosphate (Amersham Hiarmacia Biotech); and T4 polynucleotide kinase 
(DuPont NEN, Boston MA). The labeled oligonucleotides are substantially purified using a 
SEPHADEX G-25 superfine size exclusion dextran bead cohmm (Amersham Pharmacia Biotech). 

20 An aliquot containing 10^ counts per minute of the labeled probe is used in a typical membrane-based 
hybridization analysis of human genomic DNA digested with one of ih& following endonucleases: Ase 
I, Bgin, Eco HI, PstI, Xbal, or Pvu n (DuPont NEN). 

The DNA from each digest is firactionated on a 0.7% agarose gel and transferred to nylon 
membranes (Nytran Phis, Schleicher & Schuell, Durham NH). Hybridization is carried out for 16 

25 hours at 40**C. To remove nonspecific signals, blots are sequentially washed at room temperature 
under conditions of up to, for example, 0.1 x saline sodium citrate and 0.5% sodium dodecyl sulfate. 
Hybridization patterns are visualized using autoradiography or an alternative imaging means and 
compared. 

XI. Microarrays 

30 The linkage or synthesis of array elements upon a microarray can be achieved utiliziog 

photolithography, piezoelectric printing (iiik-jet printing. See, e.g., Baldeschweiler, suroa .^ mechanical 
microspotting technologies, and derivatives thereof- The substrate in each of the aforementioned 
technologies should be uniform and solid with a non-porous surface (Schena (1999), supra) . 



102 



wo 02/064795 



PCT/US02/03814 



Suggested substrates include silicon, silica, glass slides, glass chips, and silicon wafers. Alternatively, a 
procedure analogous to a dot or slot blot may also be used to arrange and link elements to the surface 
of a substrate using thermal, UV, chemical, or mechanical bonding procedures. A typical array may 
be produced using available methods and machines well known to those of ordinary skill ill the art and 
may contain any appropriate number of elements. (See, e.g., Schena, M. et al. (1995) Science 
270:467-470; Shalon, D. et al. (1996) Genome Res. 6:639-645; Marshall, A. and J. Hodgson (1998) 
Nat Biotechnol. 16:27-3 1.) 

Full length cDNAs, Stressed Sequence Tags (ESTs), or fragments or oligomers thereof may 
comprise the elements of the nuCToarray. Fragments or oligomers suitable for hybridization can be 
selected using software well known in the art such as LASERGENE software (DNASTAR). The 
array elements are hybridized with polynucleotides in a biological sample. The polynucleotides in the 
biological sample are conjugated to a fluorescent label or other molecular tag for ease of detection. 
After hj^ridizalion, nonhybridized nucleotides from the biological sample are removed, and a 
finorescence scanner is used to detect hybridization at each array element Altematively, laser 
desorbtion and mass spectrometry may be used for detection of hybridization. The degree of 
complementarity and the relative abimdance of each polynucleotide which hybridizes to an element on 
the mioroarray may be assessed. In one embodiment, microarray preparation and usage is described 
in detail below. 

Tissue or Cell Sample Preparation 

Total RNA is isolated from tissue samples using the guanidinium fliiocyanate method and 
poly(A)*RNA is purified using the oligo-(dT) cellulose method. Each poly(A)+ RNA sample is 
reverse transcribed usmg MMLV reverse-transcriptase, 0.05 pg//il oligo-(dT) primer (21mer), IX first 
strand buffer, 0.03 unitsZ/il RNase inhibitor, 500 pM dATP, 500 /xM dGTP, 500 fiM dTTP, 40 /iM 
dCTP, 40 /iM dCTP-Cy3 (BDS) or dCTP-Cy5 (Amersham Pharmacia Biotech). The reverse 
transcription reaction is performed in a 25 ml volume containing 200 ng poly( A)* RNA with 
GEMBRIGHT kits (Incyte). Specific control poly(A)* RNAs are synthesized by in vitro transcription 
from non-coding yeast genomic DNA. After incubation at 37° C for 2 hr, each reaction sample (one 
with Cy3 and another with Cy5 labeling) is treated with 2.5 ml of 0.5M sodium hydroxide and 
incubated for 20 minutes at 85° C to the stop the reaction and degrade the RNA. Samples are purified 
using two successive C3iROMA SPIN 30 gel filtration spin columns (CLONTEOI Laboratories, Inc. 
(CLONTECH), Palo Alto CA) and after combining, both reaction samples are ethanol precipitated 
using 1 ml of glycogen (1 mg/ml), 60 ml sodium acetate, and 300 ml of 100% eflianoL The sample is 
then dried to completion using a SpeedVAC (Savant Instraments Lie, Holbrook NY) and resuspended 
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in 14 Ml 5X SSCyO.2% SDS. 
Microarrav Preparation 

Sequences of the present invention are used to generate array elements. Each array element 
is amplified jfrom bacterial cells containing vectors wifh cloned cDNA inserts, PGR amplification uses 

5 primers complementary to the vector sequences flanking the cDNA insert. Array elements are 

amplified in thirty cycles of PGR from an ioitial quantity of 1-2 ng to a final quantity greater than 5 fig. 
Amplified array elements are then purified using SEPHACRYI^400 (Amersham Pharmacia Biotech). 

Purified array elements are immobilized on polymer-coated glass slides. Glass microscope 
slides (Coming) are cleaned by ultrasound in 0.1% SDS and acetone, wifh extensive distilled water 

10 washes between and after treatments. Glass slides are etched in 4% hydrofluoric acid (VWR 

Scientific Products Gorporation (VWR), West Ghester PA), washed extensively in distilled water, and 
coated with 0.05% aminopropyl silane (Sigma) in 95% ethanoL Coated slides are cured in a 110^ 
oven. . • 

Array elements are applied to the coated glass substrate using a procedure described in U.S. 

15 Patent No. 5,807,522, incorporated herdn by reference. 1 fil of the array element DNA, at an average 
concentration of 100 ng//il, is loaded into the open capillary printing element by a high-speed robotic 
^paratus. The apparatus then deposits about 5 nl of array element sample per slide. 

Microarrays are UV-crosslioked using a STRATALINKER UV-crosslioker (Stratagene). 
Mioroarrays are washed at room temperature once in 0.2% SDS and three times in distilled water. 

20 Non-specific binding sites - are blocked by incubation of microarrays in 0.2% casein in phosphate 

buffered saline (PBS) (Tropix, Inc., Biedford MA) for 30 minutes at 60*»G followed by washes in 0.2% 
SDS and distilled water as before. 

For SEQ ID NO:21, for example, GASMGs were maintained in SmGM-2 medium containing 
5% fetal bovine serum (FBS), recombinant hEGF (0.5 ng.ml'^), insulin (5 ng.ml-^), hFGF-B (4 ng-ml'^), 

25 Gentamicin (50 /ig.ml-^), and Amphotericin-B (50 ng.ml*^) (as supplied by Glonetics, San Diego GA), 
at 37 **C in a 5% COj atmosphere. The cells were grown to 85% confluency and then treated with 
TNF-a (10 ng.ml'^) for 1, 2, 4, 6, 8, 10, 24, and 48 hours. These TNF-a treated cells were compared 
to untreated GASMGs collected at 85% confluency (t = Q hour). In this manner, it was demonstrated 
that the presence of TNF alpha alters expression in vascular tissue of component 2191340 of SEQ ID 

30 NO:21 by a factor of at least 2. 
H ybridization 

Hybridization reactions contain 9 ylof sample nnxture consisting of 0.2 fig each of Gy3 and 
Cy5 labeled cDNA synthesis products in 5X SSG, 0.2% SDS hybridization buffer. The sample 
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mixture is heated to 65° C for 5 mmutes and is aliqaoted onto the microarray surface and covered with 
an 1.8 cxxj? coverslip. The arrays are transferred to a waterproof chamber having a cavity just slightly 
^ larger than a microscope slide. Ihe chamber is kept at 100% humidity internally by the addition of 140 
111 of 5X SSC in a comer of the chaniber. The chamber containing the arrays is incubated for about 
5 6.5 hours at 60**C. The arrays are washed for 10 min at 45^*0 in a first wash buffer (IX SSC, 0.1% 
SDS), three times for 10 minutes each at 45° C in a second wash buffer (O.IX SSC), and dried. 
Detection 

Reporter-labeled hybridization complexes are detected with a microscope equipped with an 
Innova 70 mixed gas 10 W laser (Coherent, Inc., Santa Clara CA) capable of generating spectral lines 
at 488 nm for excitation of Cy3 and at 632 nm for excitation of Cy5. The excitation laser light is 
focused on the array using a 20X microscope objective CNikon, Inc., Melville NY). The slide 
containing the array is placed on a computer-controlled X-Y stage on the microscope and raster- 
scanned past the objective. The 1.8 cm x 1.8 cm array used ia the present exanqile is seamed with a 
resolution of 20 micrometers. 

In two separate scans, a mixed gas multiline laser excites the two fituotophoies sequentially. 
Emitted light is split, based on wavelength, into two photomultiplier tube detectors (PMT R1477, 
Hamamatsu Photonics Systems, Biidgewater NJ) correspondmg to the two fhiorophores. Appropriate 
filters positioned between the array and the photomultiplier tubes are used to filter the signals. The 
emission maxima of the fhiorophores used are 565 nm for Cy3 and 650 nm for Cy5. Each array is 
typicalty scanned twice, one scan per fhiorophore using the appropriate filters at flbe laser source, 
although the apparatus is capable of recording the spectra fi^om both fluorophoies simultaneously. 

The sensitivity of the scans is ^ically calibrated using the signal intensity generated by a 
cDNA control species added to the sample mixture at a known concentration. A specific location on 
the array contains a complementary DNA sequence, allowing the intensity of the signal at that location 
to be correlated with a weight ratio of hybridizing species of 1:100,000. When two samples fix>m 
different sources (e.g., representing test and control cells), each labeled with a different fhiorophore, 
are hybridized to a single array for the purpose of identifying genes that are differentially ex^jressed, 
the calibration is done by labeling samples of the calibrating cDNA with the two fhiorophores and 
adding identical amounts of each to the hybridization mixture. 

Ihe output of the photomultiplier tube is digitized using a 12-bit RTI-835H analog-to-digital 
(A/D) conversion board (Analog Devices, Inc., Norwood MA) installed in an IBM-compatible PC 
computer. The digitized data are displayed as an image where the signal intensity is mapped using a 
linear 20-color transformation to a pseudocolor scale ranging from blue (low signal) to red (high 
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signal). The data is also analyzed quantitatively. Where two different fluorophores are excited and 
measured simultaneously, the data are first corrected for optical crosstalk (due to overlapping emission 
spectra) between the fluorophores using each fluorophore's emission spectrum. 

A grid is superimposed over the fluorescence signal image such that the signal from each spot 
5 is centered in each element of the grid. The fluorescence signal within each element is then integrated 
to obtain a numerical value corresponding to the average intensity of the signal. The software used 
for signal analysis is the GEMTOOLS gene expression analysis program (hicyte). 
Xn. Complementary Polynucleotides 

Sequences complementary to the NZMS-encoding sequences, or any parts thereof, are used 

10 to detect, decrease, or inhibit expression of naturally occurring NZMS. Althougih use of 

oligonucleotides comprising £rom about 15 to 30 base pairs is described, essentially the same 
procedure is used with smaller or with larger sequence fragments. Appropriate oligonucleotides are 
designed using OUGO 4.06 software (National Biosciences) and the coding sequence of NZMS. To 
inhibit transcription, a complementary oligonucleotide is designed from the most imique 5' sequence 

IS and used to prevent promoter binding to the coding sequence. To inhibit translation, a complementary 
oligonucleotide is designed to prevent ribosomal binding to the NZMS-encoding transcript. 
XIIL Expression of NZMS 

Expression and purification of NZMS is achieved using bacterial or viras-based expression 
systeins. For expression of NZMS in bacteria, cDNA is subcloned into an appropriate vector 

20 contaroing an antibiotic resistance gene and an inducible promote that directs hi^ levels of cDNA 
transcription. Examples of such promoters include, but are not lintiited to, the tijp4ac {tac) hybrid 
promoter and the T5 or T7 bacteriophage promoter in conjunction with the lac operator regulatory 
element. Recombinant vectors are transformed into suitable bacterial hosts, e.g., BL21(DE3). 
Antibiotic resistant bacteria express NZMS upon induction with isopropyl beta-D- 

25 thiogalactopj^anoside (IPTG). Expression of NZMS in eukaryotic cells is achieved by infecting insect 
or mammalian cell lines with recombinant Autographica califomica nuclear poljiiedrosis virus 
(AcMNPV), commonly known as baculovirus. The nonessential polyhedrin gene of baculovirus is 
replaced with cDNA encoding NZMS by either homologous recombination or bacterial-mediated 
transposition involving transfer plasmid intermediates. Viral infectivity is maintained and the strong 

30 pol)9iedrinpromoter drives high levels of cDNA transcription. Recombinant baculovirus is used to 
infect Spodoptera frugjperda (Sf9) insect cells in most cases, or human hepatocytes, in some cases. 
Infection of the latter requires additional genetic modifications to baculovirus. (See Engelhard, E.K. et 
al. (1994) Proc. Nafl. Acad. Sci. USA 91:3224-3227; Sandig, V. et al. (1996) Hum. Gene Ther. 
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7:1937-1945.) 

In most expression systems, NZMS is synthesized as a fusion protein with, e.g., glutathione S- 
transferase (GST) or a peptide epitope tag, such as FLAG or 6-His, permitting rapid, single-step, 
affinity-based purification of recombinant fosion protein fi-om crude cell lysates. GST, a 26-kilodalton 
enzyme from Schistoso ma ianonicum , enables the purification of fusion proteins on immobilized 
glutathione under conditions that maiutain protein activity and antigenicity (Amersham Pharmacia 
Biotech). Following purification, the GST moiety can be proteolytically cleaved from NZMS at 
specifically engineered sites. FLAG, an 8-amino acid peptide, enables immunoafBnity purification 
using commercially available monoclonal and polyclonal anti-FLAG antibodies (Eastman Kodak). 6- 
Kfis, a stretch of six consecutive histidine residues, enables purification on metal-cihelate resins 
(QL^GEN). Methods for protein expression and purification are discussed in Ausubel (1995, supra , 
ch. 10 and 16). Purified NZMS obtained by these methods can be used directly in ttie assays shown 
in Examples XVn, XVm and XK, where applicable. 
XIV. Rmctional Assays 

NZMS function is assessed by e^ressing the sequences encoding iNZMS at pthysiologically 
elevated levels in mammadian cell ctilture systems. cDNA is subcloned into a mammalian esqiiession 
vector containmg a strong promoter that drives high levels of cDNA expression. Vectors of choice 
include PCMV SPORT (life Technologies) and PCR3.1 (Invitrogen, Carlsbad CA), both of which 
contain the cytomegalovirus promoter. S-lO^gPf recombinant vector are transiently transfected into 
a human cell line, for exan^le, an endothelial or hematopoietic cell line, using eiflier liposome 
formulations or electroporation. 1-2 /t/g of ain additional plasniid containing sequences encodmg a 
marker protrin are co-transfected. Expression of a marker protein provides a means to distinguish 
transf ected ceBs from nontransfected cells and is a reliable predictor of cDNA e:^ression from flie 
recombinant vector. Marker proteins of choice include, e.g,. Green Fhiorescent Protein (GFP; 
Oontech), CD64, or a Ca)64-GEP fusion protein. How cytometry (FCM), an automated, laser optics- 
based tedmique, is used to identify transfected cells expressing GFP or CD64-GFP and to evaluate 
the apoptotic state of the cells and other cellular properties. FCM detects and quantifies the uptake of 
fhiorescent molecules that diagnose events preceding or coincident with cell death. Hiese events 
mclude changes in nuclear DNA content as measured by staming of DNA wifli propidhim iodide; • 
changes in cell size and granularity as measured by forward light scatter and 90 degree side light 
scatter; down-regulation of DNA synthesis as measured by decrease in bromodeoxyuridine uptake; 
alterations in expression of cell surface and intracellular proteins as measured by reactivity with 
specific antibodies; and alterations in plasma membrane composition as measured by the binding of 
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fiuorescein-conjugated Annexin V protein to the cell surface. Methods in flow cytometry are 
discussed in Qnnerod, M.G. (1994) Flow Cytometry . Oxford, New York NY. 

The infkience of NZMS on gene expression can be assessed using highly purified populations 
of cells transfected with sequences encoding NZMS and either CD64 or CD64-GEP. CD64 and 
5 CD64-GEP are expressed on the surface of transfected cells and bind to conserved regions of human 
immunoglobulin G (IgG). Transfected cells are efficiently separated fromnontransfected cells using 
magnetic beads coated with either human IgG or antibody against CD64 (DYNAL, Lake Success 
NY). mRNA can be purified from the cells using methods well known by those of skill in the art. 
Expression of mRNA encoding NZMS and other genes of interest can be analyzed by.northem 
10 analysis or imcroarray teduiiques. 

XV. Production of NZMS Specific Antibodies 

NZMS substantially purified using polyacrylamide gel electrophoresis (PAGE; see, e.g., 
Harrington, M.G. (1990) Methods EnzymoL 182:488-495), or other purification techniques, is used to 
iTnTYiTiniTft a-nimalR (e.g., rabbits, mice, etc.) and to produce antibodies using standard protocols. 

15 AJtematively, the NZMS amino acid sequence is analyzed using LASERGENE software 

(DNASTAR) to determine regions of high immunogesicity, and a corresponding oligopeptide is 
synthesized and used to raise antibodies by means known to those of skiQ in the art Methods for 
selection of appropriate epitopes^ such as those near the C-terminus or in hydrophilic regions are well 
described in the art (See, e.g., Ausubel, 1995, supra, ch. 11.) 

20 Typically, oligopeptides of about 15 residues in length are synthesized using an ABI 43 1 A 

peptide synthesizer (Applied Biosystems) usiug FMOC chemistry and coupled to KLH (Sigma- 
Aldrich, St. Louis MO) by reaction with N-maleimidobenzoyl-N4iydroxysuccinimide ester (MBS) to 
increase immunogenicity. (See, e.g., Ausubel, 1995, supra .) Rabbits are immunized with the 
oligopeptide-KLH complex in complete Freund's adjuvant Resulting antisera are tested for 

25 antipeptide and anti-NZMS activity by, for example, binding the peptide or NZMS to a substrate, 
blocking with 1% BSA, reacting with rabbit antisera, washing, and reacting with radio-iodinated goat 
anti-rabbit IgG. 

XVI. Purification of Naturally Occurring NZMS Using Specific Antibodies 
Naturally occurring or recombiuant NZMS is substantially purified by immunoaffinity 

30 chromatography using antibodies specific for NZMS. An immunoaffinity column is constmcted by 
covalently coupling and-NZMS antibody to an activated chromatographic resin, such as 
CNBr-activated SEPHAROSE (Amersham Pharmacia Biotech). After the coupling, the resin is 
blocked and washed according to the manufacturer's instructions. 
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Media containing NZMS are passed over the ininninoa£Biiit)^ column, and the column is 
washed under conditions that allow the preferential absorbance of NZMS (e.g., hi^ ionic strength 
buffers in the presence of detergent). • He column is ehited under conditions that disrapt 
antibody/NZMS binding (e.g., a buffer of pH 2 to pH 3, or a high concentration of a chaotrope, such 
5 as urea or thiocyanate ion), and NZMS is collected. 

XVn. Identification of Molecules Which Interact with NZMS 

NZMS, or biologically active fragments thereof, are labeled witti Bolton-Hunter reagent 
(See, e.g., Bolton, A.E. and W.M. Hunter (1973) Biochem. J. 133:529-539.) Candidate molecules 
previously arrayed in the wells of a multi-well plate are incnbated with the labeled NZMS, washed, 
10 and any welk wifli labeled NZMS complex are assayed. Data obtained using different concentrations 
of NZMS are used to calculate values for the number, affinity, and association of NZMS with the 
candidate molecules. 

Alternatively, molecules interacting with NZMS are analyzed using the yeast two-hybiid 
system as described in Kelds, S. and O. Song (1989) Nature 340:245-246, or using commercially 
15 available kits based on the two-hybrid system, such as the MATCHMAKER system (dontech). 

NZMS may also be used in the PATHCALUNG process (CuraGen Corp., New Haven CT) 
which employs the yeast two-hybrid system in a high-throughput manner to determine aH interactions 
between flie proteins encoded by two large libraries of genes (Nandabalan, K. et aL (2000) U.S. 
Patent No, 6,057,101). 
20 XVm. Demonstration of NZMS Activity 

NZMS activity is demonstrated through a variety of specific enzyme assays, some of which 
are outfined below. 

NZMS activity can be measured spectrophotometrically by determining the amonnt of 
solubilized RNA that is produced as a result of incubation of KNA substrate with NZMS. 5 fil (20 /ig) 

25 of a 4 mg/ml solution of yeast tRNA (Sigma) is added to 0.8 ml of 40 mM sodium phosphate, pH 7.5, 
containing NZMS. The reaction is incubated at 25 **C for 15 minutes. The reaction is stopped by 
addition of 0.5 ml of an ice-cold fresh solution of 20 mM lanthanum nitrate phis 3 % perchloric acid. 
Th& stopped reaction is incubated on ice for at least 15 min, and the insoluble tRNA is removed by 
centrifogation for 5 min at 10,000 g. Solubilized tRNA is determined as UV absorbance (260 nm) of 

30 the remaming supernatant, with Ajeo of 1 .0 corresponding to 40 fig of solubilized RNA (Rosenberg, 
H.F. et aL (1996) Nucleic Acids Research 24:3507-3513). 

NZMS activity in the hydrolytic direction is performed spectroscopically by measuring the rate 
of die product (homocysteine) formed by reaction with 5,5 -Dithiobis(2-nitrobenzoic add) (DTNB). 
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To 800 fil of an enzyme solution containing 4.7 fig of NZMS-1 and 4 units of adenosine deaminase in 
50 mM potassium phosphate buffer, pH 7.2, containing 1 mM EDTA (buffer A), is added 200 fil of S- 
Adenosyl-L-homocysteine (500 ^M) containing 250 /iM DTNB in buffer A. The reaction mixture is 
incubated at 37 °C for 2 minutes. Hydrolytic activity is monitored at 412 nm continuously using a diode 
5 array UV spectrophotometer. Enzyme activity is defined as the amount of enzyme that can hydrolyze 
1 jiimol of 5-Adenosyl-L-homocysteine/minute (Yuan, C-S et al. (1996) J. Biol. Chem. 27 1 :28009- 
28015). 

Alternatively, NZMS activity can be measured in the synthetic direction as the production of 
S-adenosyl honcLOcysteine using 3-deazaadenosine as a substrate (Sganga, M.W. et al. supra). Briefly, 

10 NZMS-1 is incubated in a 100 /d volume containing 0. 1 mM 3-deazaadenosine, 5 mM homocysteine, 
20mMHepes CpH7.2). The assaymixture is incubated at 37 X for 15 minutes. The reaction is 
terminated by the addition of 10 ptl of 3 M perchloric acid. After incubation on ice for 15 UMnutes, the 
mixture is centiifuged for 5 minutes at 18^000 x g in a microcentrifuge at 4**C. The supernatant is 
removed, neutralized by the addition of 1 M potassium carbonate, and centrifdged again. A 50 fil 

15 aliquot of supernatant is then chromatographed on an Altex Ultrasphere ODS column (5 [im particles, 
4.6 X 250 mm) by isocratic elation with 0-2 M ammonium dihydrogen phosphate (Aldrich) at a flow • 
rate of 1 ml/nnin. Pjrotein is determhied by the bicinchoninic acid assay (Pierce). 

5 Alternatively, J^EMS activity can be measured in the synthetic direction by a TLC niethod 
(Hershfield, M.S. et gd. (1979) J. BioL C3iem. 254:22-25). In a preincubation step, 50 /xM 

20 [8-^^]adenosme i^ mcubated wiflx 5 molar equivalents of NAD* for 15 minutes at 22^*0 Assay 
samples containing NZMS in a 50 /il final volume of 50 roM potassium phosphate buffer, pH 7.4, 1 
mM DTT, and 5 mM homocysteine, are mixed with the preincubated [8-"C]adenosine/NAD* to 
initiate the reaction. The reaction is incubated at 37 ^'C, and 1 /il samples are spotted on TLC plates at 
5 minute intervals for 30 minutes. The chromatograms are developed inbutanol-l/glacial acetic 

25 acid/water (12:3:5, v/v) and dried. Standards are used to identify substrate and products under 
ultraviolet hght. The complete spots containing [^'^Cjadenosine and [^"^CIS AH are then detected by 
exposing x-ray film to the TLC plate. The radiolabeled substrate and product are then cut from the 
chromatograms and counted by Hquid scintillation spectrometry. Specific activity of the enzyme is 
determined from the linear least squares slopes of the product time plots and the milligrams of 

30 protein in the sample (Bethin, K.E. et al. (1995) J. BioL Chem. 270:20698-20702). 

NZMS transferase activity is measured through assays such as a methyl transferase assay in 
which the transfer of radiolabeled methyl groups between a donor substrate and an acceptor substrate 
is measured (Bokar, J.A. et aL (1994) J. BioL Chem. 269:17697-17704). Reaction mixtures (50 /il 
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final volume) contain 15 mM HEPES, pH 7.9, 1.5 mM MgQz, 10 mM dithiofhreitol, 3% 
polyvinylalcohol, 1.5 /xCi VnethyU^HiAdoM&i (0.375 fiM AdoMet) (DuPont-NEN), 0.6 ;xg HEM, and 
acceptor substrate (0.4 fig P^S]RNA or 6'mercaptopurine (6-MP) to 1 mM final concentration). 
Reaction mixtures are incubated at 30 °C for 30 minutes, then 65 ^'C for 5 minutes. Hie products are 
separated by chromatography or electrophoresis and the level of methyl transferase activity is 
determined by quantification of ?nethyl-^H recovery. 

Lysophosphatidic acid acyUransferase activity of NZMS is measured by incubating samples 
containing NZMS with 1 mM of the thiol reagent 5,5 -difhiobis(2-nitrobenzoic acid) (pTNB), 50 jm 
IPA, and 50 Mm acyl-CoA in 100 mM Tris-HCl, pH 7.4. The reaction is initiated by addition of acyl- 
Co A, and allowed to reach equilibrium. Transfer of the acjd group fit>m acyl-CoA to IPA releases 
fi-eeCoA, which reacts with DINB. Theproductof the reaction betweaiDTNB and free CoA 
absorbs at 413 nm. The change in absorbance at 413 nm is measured using a spectrophotometer, and 
is proportional to the lysophosphatidic acid acyltransferase activity of NZMS in the sample. 

N-acyltransferase, activity of NZMS is measured using radiolabeled amino acid substrates and 
measuring radiolabel incorporation into conjugated products. NZMS is incubated in a reaction buffer 
cont^ning an unlabeled acyl-CoA compound and radiolabeled amino add, and the radiolabeled acyl- 
conjugates are separated from the unreacted amino acid by extraction into n-butanol or other 
appropriate organic solvent For example, Johnson, M. R. et al. (1990; J. Biol. Chem. 266:10227- 
10233) measured bile add-CoA ramino acid N-acyltransferase activity by incubating the enzyme with 
cholyl-CoA and ^-glycine or ^H-taurine, separatmg the tritiated chelate conjugate by extraction into 
n-butanol, and measuring the radioactivity in die extracted product by scintillation. Alternatively, N- 
acyltransferase activity is measured using the spectrophotometric determination of reduced CoA 
(CoASBT) described below. 

N-acetyltransferase activity of NZMS is measured using the transfer of radiolabel from 
[^^C]acetyl-CoA to a substrate molecule (for example, see Deguchi, T. (1975) J. Neurochem. 
24:1083-5). Alternatively, a newer spectrophotometric assay based on DTNB reaction with CoASH 
maybe used. Free thiol-contaiiung CoASH is formed during N-acetyltransferase catalyzed transfer of 
an acetyl group to a substrate. CoASH is detected using the absorbance of DTNB conjugate at 412 
nm (De Angelis, J. et at (1997) J. BioL Chem. 273:3045-3050). NZMS activiQr is proportional to the 
rate of radioactivity incorporation into substrate, or the rate of absorbance increase in the 
spectrophotometric assay. 

Aminotransferase activity of NZMS is measured by determining the activity of purified 
NZMS or crude samples containing NZMS toward various amino and oxo add substrates under single 
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turnover conditions by monitoring the changes in the UVATS absorption spectrum of the 
enzyme-bound cofactor, PLP. The reactions are perfomied at 25 °C in 50 mM 4-methylmorpholine 
(pH 7.5) containing 9 jxM purified NZMS or NZMS containing samples and substrate to be tested 
(amino and oxo acid substrates). The half-reaction firom amino acid to oxo acid is followed by 

5 measuring the decrease in absorb ance at 360 nm and the increase in absorb ance at 330 nm due to the 
conversion of enz)aiie-bound PIP to PMP. The specificity and relative activity of NZMS is 
determined by the activity of the enzyme preparation against specific substrates (V acca, R. A. et al. 
(1997) J. BioL Chem. 272:21932-21937). 

Galactosyltransferase activity of NZMS is determined by measuring the transfer of galactose 

10 fi-om UDP-galactose to a GlcNAc-terminated oligosaccharide chain in a radioactive assay. 

(Kolbinger, R et aL (1998) J. BioL Chem, 273:58-65.) The NZMS sample is incubated with 14 /il of 
assay stock solution (180 mM sodium cacodylate, pH 6.5, 1 mg/ml bovine serum albtimin, 0.26 noM 
UDP-galactose, 2 {il of UDP-pH]galactose), 1 pi of MnQ^ (500 mM), and 2.5 jLil of GlcNAcpO- 
(CH^i-CO-M^ (37 mg/ml in dimethyl sulfoxide) for 60 minutes at 37 '^C. The reaction is quenched by 

IS the addition of 1 ml of water and loaded on a C18 Sep-Pak cartridge (Waters), and the column is 
washed twice with 5 ml of water to remove unreacted lJDP-pH]galactose. The pEQgalactosylated 
GlcNAcP0-(CH)8-C02Me remaios bound to the column during the water washes and is ehited with 5 
ml of methanol Radioactivity in the eluted material is measured by liquid sdntillation coxmting and is 
proportional to galactosyltransferase activity of NZMS in the starting sample. 

20 Phosphojibosyltransferase activity of NZMS is measured as the transfer of a phosphoribosyl 

group from phosphoribosy^pyrophosphate (PRPP) to a purine or pyrimidine base. Assay mixture (20 
|xl) containing 50 noM Tris acetate, pH 9.0, 20 mM 2-mercaptoethanol, 12.5 mM MgCl^, and 0.1 mM 
labeled substrate, for example, [^'^Quracil, isTnixed with 20 ^1 of NZMS diluted in 0.1 M Tris acetate, 
pH 9.7, and 1 mg/ml bovine semm albmnin. Reactions are preheated for 1 min at 37**C, initiated with 

25 10 III of 6 mM PRPP, and incubated for 5 min at 37 ''C. The reaction is stopped by heating at 100 
for 1 min. The product [^^C]UMP is separated from [^"^CJuracil on DEAE-celhilose paper (Turner, 
RJ. et aL (1998) J. Biol. Chem. 273:5932-5938). The amount of [^'^CJUMP produced is proportional 
to the phosphoribosyltransferase activity of NZMS. 

ADP-ribosyltransferase activity of NZMS is measured as the transfer of radiolabel from 

30 adenine-NAD to agmatine (Weng, B. et al. (1999) J. BioL Chem. 274:31797-31803). Purified NZMS 
is incubated at 30**C for 1 hr in a total volume of 300 jxl contaioing 50 naM potassium phosphate (pH. 
7.5). 20 mM agmatine, and 0.1 mM [adenine.U-*^C]NAD (0.05 mCi). Samples (100 |xl) are applied 
to Dowex columns and [^'*C]ADP-ribosylagmatine eluted with 5 nal of water for liquid scintillation 
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counting. Ihe amount of radioactivity recovered is proportional to ADP-ribosyltransferase activity of 
NZMS. 

Aldo/keto reductase activity of NZMS is proportional to the decrease in absorbance at 340 nm 
as NADPH is consumed (or increased absorbance if NADPH is produced, i.e., if the reverse reaction 
is monitored). A standard reaction mixture is 135 mM sodium phosphate buffer (pH 6.2-7.2 
depending on enzyme), 0.2 mM NADPH, 0.3 M lithium sulfate, 0.5-2.5 mg NZMS and an appropriate 
level of substrate. Th^ reaction is incubated at 30 "^C and the reaction is monitored continuously with a 
spectrophotometer. NZMS activity is calculated as mol NADPH consumed / mg of NZMS. 

Acyl-CoA dehydrogenase activity of NZMS is measured usiag an anaerobic electron 
transferring flavoprotein (ETF) assay. The reaction mixture comprises 50 mM Tris-HCl (pH 8,0), 
0.5% ghicose, and 50 fiM acyl-CoA substrate (i.e., isovaleryl-CoA) that is pre-warined to 32 ''C. The 
mixture is depleted of oxygen by repeated exposure to vacuum followed by layering with argon. 
Trace amounts of oxygen are removed by the addition of glucose oxidase and catalase followed by the 
addition of ETF to a final concentration of 1 [iM. The reaction is initiated by addition of purified 
N2^S or a sample containing N2^S and exciting the reaction at 342 nm. Quenching of fhorescence 
caused by the transfer of electron fi*om the substrate to ETF is monitored at 496 nm. 1 unit of acyl- 
CoA dehydrogenase activity is defined as the amount of NZMS required to reduce 1 lunol of ETF per 
minute (Reinard, T. et aL (2000) J. BioL C3iem, 275:33738-33743). 

Alcohol ddbydrogenase activity of NZMS is measured by foOowing the conversion of NAD* 
to NADH at 340 nm (6340 = 6.22 mM*^ cm"^) at 25 m 0. 1 M potassium phosphate (pH 7.5), 0.1 M 
glycme (pH 10.0), and 2.4 mM NAD*. Substrate (e.g., ethanol) and NZMS are tiien added to the 
reaction. The production of NADH results in an increase in absorbance at 340 nm and correlates 
with the oxidation of the alcohol substrate and the amount of alcohol dehydrogenase activity in the 
NZMS sample (Svensson, S. (1999) J. BioL Chem. 274:29712-29719). 

Aldehyde dehydrogenase activitjr of NZMS is nieasured by determining the total hydrolase + 
dehydrogenase activity of NZMS and subtracting the hydrolase activity. Hydrolase activity is first 
determined in a reaction mixture containing 0.05 M Tris-HQ (pH 7.8), 100 mM 2-mercaptoethanol, 
and 0.5-18 iiM substrate, e.g., lO-HCO-HPteGhi (lO-fonnyltetrahydrofolate; HPteGlu, 
tetrahydrofolate) or 10-EDDF (10-formyl-5,8-dideazafolate). Approximately Ifig of NZMS is added in 
a final volume of 1.0 mL The reaction is monitored and read against a blank cuvette, containing all 
components except enzyme. The appearance of product is measured at either 295 nm for 
5,8-dideazafolate or 300 mn for HPteGhi using molar extinction coefficients of 1.89x10^ and 2.17x10^ 
for 5,8-dideazafolate and HPteGlu, respectively. The addition of NADP*^ to the reaction mixture 
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allows the measurement of both dehydrogenase and hydrolase activity (assays are perfomied as 
before). Based on the production of product in the presence of NADP* and the production of product 
in the absence of the cof actor, aldehyde dehydrogenase activity is calculated for NZMS. In the 
alternative, aldehyde dehydrogenase activity is assayed using propanal as substrate. The reaction 

5 mixture contains 60 mM sodium pyrophosphate buffer (pH 8.5), 5 mM propanal, 1 mM NADF", and 
NZMS in a total volume of 1 ml. Activity is determined by the increase in absorbance at 340 jom, 
resulting from the generation of NADPH, and is proportional to the aldehyde dehydrogenase activity in 
the sample (Krupenko, S.A. et al. (1995) J. Biol. Chem. 270:519-522). 

6-phosphogIuconate dehydrogenase activity of NZMS is measured by incubating purified 

10 NZMS, or a composition comprising NZMS, in 120 roM triethanolamine (pH 7.5), 0.1 mM EDTA, 0.5 
mM NADP*, and 10-150 fxM 6-phosphog;Iuconate as substrate at 20-25 °C. The production of 
NADPH is measured fluoiimetrically (340 nm excitation, 450 nm emission) and is indicative of 
6-phosphogluconate dehydrogenase activity. Alternatively, the production of NADPH is measured 
photometrically, based on absorbance at 340 nm. The molar amount of NADPH produced in the 

15 reaction is proportional to the 6-phosphoghiconate dehydrogenase activity in the sample (Tetaud, E. et 
aL (1999) Biochem. J. 338:55-60). 

Ribonucleotide diphosphate reductase activity of NZMS is determined by incubating purified 
NZMS, or a composition comprising NZMS, along with dithiothreitol, Mg+*, and ADP, GpiP, CDP, or 
UDP substrate. The product of the reaction, the corresponding deoxjribonucleotide, is separated 

20 from the substrate by thin-layer chromatography. The reaction products can be distinguished fi?om the • 
reactants based on rates of migration. The use of radiolabeled substrates is an alternative for 
increasing the sensitivity of the assay. The amount of deoxyribonucleotides produced in the reaction is 
proportional to the amount of ribonucleotide diphosphate reductase activity in the sample (note this is 
true only for pre-steady state Idnetic analysis of ribonucleotide diphosphate reductase activity, as the 

25 enzyme is subject to negative feedback inhibition by products) (Nutter, L.M. and Y.-C. Cheng (1984) 
Pharmac. Ther. 26:191-207). 

Dihydrodiol dehydrogenase activity of NZMS is measured by incubating purified NZMS, or a 
composition comprising NZMS, in a reaction mixture comprising 50 mM glycine (pH 9.0), 2.3 rnM 
NADF", 8% DMSO, and a trans-dihydrodiol substrate, selected fi:om the group including but not 

30 limited to, (±)-trans-naphthalene-l,2-dihydrodiol, (±)-trans-phenanthrene-l,2-dihydrodiol, and (±)-trans- 
chrysene-l,2-dihydrodiol. The oxidation reaction is monitored at 340 run to detect the fomiation of 
NADPH, which is indicative of the oxidation of tiie substrate. The reaction mixture can also be 
analyzed before and after the addition of NZMS by circular dichroism to determine the 
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stexeochemistry of tbe reaction components and determine which enantiomers of a racemic substrate 
composition are oxidized by the NZMS OPenning, T.M. (1993) Chemico-Biological Interactions 89:1- 
34). 

Ghitafhione S-transf erase (GST) activity of NZMS is determined by measuring the NZMS 
catalyzed conjugation of GSH with l-chloro-2,4-dinitrobenzene (CDNB), a common substrate for most 
GSTs. NZMS is incubated with 1 mM CDNB and 2.5 mM GSH together in 0. IM potassium 
phosphate bulfer, pH 6.5, at 25 °C. The conjugation reaction is measured by the change in 
absorbance at 340 nm using an ultraviolet spectrophometer. NZMS activity is proportional to the 
change in absorbance at 340 mn. 

15-oxoprostaglandin 13-reductase (PGR) activity of NZMS is measured foflowing the 
separation of contaminating 15-hydroxyprostaglandin dehydrogenase (15-PGDH) activity by DEAE 
chromatography. Following isolation of PGR containing fractions (or using the purified NZMS), 
activity is assayed in a reaction comprising 0.1 M sodium phosphate (pH 7-4), 1 mM 2- 
mercaptoethanol, 20 fig substrate (e.gi, 15-oxo derivatives of prostaglandins PGEj, PGEj, and PGEaJ, 
and 1 mM NADH (or a higher concentration of NADPBQ. NZMS is added to the xeaction which is 
then incubated for 10 min at 37 ""C before termination by the addition of 0.25 ml 2 N NaOR The 
amount of 15-oxo compound remaining in the sample is determined by measuring the mairinrnm 
absorption at 500 nm of the terminated reaction and comparing this value to that of a terminated 
control reaction &at received no ^^MS . 1 unit of enzyme is defined as tbe amount required to 
catalyze the oxidation of 1 /imol substrate per minute and is proportional to the amount of PGR activity 
in the sample. 

Choline dehydrogenase activity of NZMS is identified by the ability of E. coli. transfpimed 
with an NZMS expression vector, to grow on media containing choline as the sole carbon and nitrogen 
source. The abili^ of the transformed bacteria to flirive is indicative of choline dehydrogenase activity 
(Magne 0ster§s, M. (1998) Proc. Nafl. Acad. Sci. USA 95:11394-11399). 

An assay for carbonic anhydrase activiQ^ of NZMS uses the flnorescent pH indicator 8- 
hydroxypyrene-l,3,6-trisulfonate (pyranine) in combination with stopped-flow fluorometry to measure 
carbonic anhydrase activity (Shingles, et al. 1997, Anal. Biochem. 252: 190-197). A pH 6.0 solution is 
mixed with a pH 8.0 solution and the initial rate of bicarbonate dehydration is measured. Addition of 
carbonic anhydrase to the pH 6.0 solution enables the measurement of the initial rate of activity at 
physiological temperatures with resolution times of 2 ms. Shingles et al. used this assay to resoh^e 
differences in activity and sensitivity to sulfonanaides by comparing mammalian carbonic anhydrase 
isoforms. The fluorescent technique's sensitivity allows the determination of initial rates with a protein 
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concentration as little as 65 ng/ml. 

Protein phosphatase (PP) activity can be measured by the hydrolysis of P-nitrophenyl 
phosphate (PNPP). NZMS is incubated togeflier with PNPP in HEPES bnffer pH 7.5, in the 
presence of 0.1% p-mercaptoefhanol at 37 for 60 min. Ihe reaction is stopped by the addition of 6 

5 ml of 10 N NaOH (Diamond, R.H. et al. (1994) Mol. CeE Biol. 14:3752-62). Alternatively, acid 

phosphatase activity of NZMS is demonstrated by incubating NZMS containing extract with 100 fil of 
10 mM PNPP in 0. 1 M sodium citrate, pH 4.5, and 50 /zl of 40 mM NaCl at 37 °C for 20 min. The 
reaction is stopped by the addition of 0.5 ml of 0.4 M glycine/NaOH, pH 10.4 (Safdg, P. et al. (1997) 
J. Biol. Chem. 272:18628-18635). The increase ib light absorbance at 410 nm resulting from the 

10 hydrolysis of PNPP is measured using a spectrophotometer. The increase in light absorbance is 
proportional to the activity of NZMS in the assay. 

In the alternative, NZMS activity is det^mined by rneasuring the amount of phosphate 
removed from a phosphorylated protein substrate. Reactions are performed with 2 or 4 nM NZMS in 
a final volume of 30 fil containmg 60 mM Tiis, pH 7.6, 1 mM EDTA, 1 mM EGTA, 0.1% 

15 2-mercaptoetbanol and 10 /iM substrate, ^^P-labeled on serine/threonine or tyrosine, as appropriate. 
Reactions are iuitiated with substrate and incubated at 30** C for 10-15 min. Reactions are quenched 
with 450 jitl of 4% (w/v) activated charcoal in 0.6 M HO, 90 mM Na4P^07, and 2 mM NaHj^O^, then 
centrifuged at 12,000 x g for 5 min. Acid-soluble is quantified by liquid scmtillation counting 
(Sinclair, C. et aL (1999) J. BioL OxmL 21 A 23666-23612). 

20 NZMS activity can be determined as the ability of NZMS to cleave internally labeled T. 

thermophUa pre-tRNA®**. NZMS and substrate are added to reaction vessels and reactions are 
carried out in MBB buffer (50 mM Tris-HQ (pH 7.5), 10 mM MgClj) for 1 hour at 37**C. Reactions 
are terminated with the addition of an equal volume of sample loading buffer (SUB: 40 mM EDTA, 8 
M urea, 0.2% xylene cyanol, and 0.2% bromophenol blue). The reaction products are separated by 

25 electrophoresis on 8 M urea, 6% polyacrylamide gels and analyzed using detection instruments and 
software capable of quantification of the products. One unit of NZMS activity is defined as the 
amount of enzyme required to.cleave 10% of 28 finol of T. themiophila pre-tRNA^^ to mature 
products in 1 hour at 37**C (True, H.L. eit al. (1996) J. Biol. Chem. 271:16559-16566). 

Alternatively, cleavage of ^^P iatemaHy labeled substrate tRNA by NZMS can be determined 

30 in a 20 lA reaction mixture containing 30 mM HEPES-KOH (pH 7.6), 6 mM MgClj, 30 mM Kcl, 2 
mM DTT, 25 i^^jsA bovine serum albumin, 1 unit/Ail rRNasin, and 5,000-50,000 cpm of gel-purified 
substrate RNA. 3.0 iA of NZMS is added to the reaction mixture, which is then incubated at 37 ^^C for 
30 minutes. The reaction is stopped by g;uanidinium/phenol extraction, precipitated with ethanol in the 
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presence of glycogen, and subjected to denaturing potyacrylamide gel electrophoiesis (6 or 8% 
polyacrylamide, 7 M urea) and autoradiography (Rossmanith, W. et aL (1995) J. Biol. Chem. 
270:12885-12891). The NZMS activity is proportional to the amount of cleavage products detected. 
XIX. Identification of NZMS Inhibitors 

Compoxmds to he tested are arrayed in the wells of a roulti-well plate in varying 
concentrations along wilh an appropriate huffer and substrate, as described in the assays in Example 
XVn. NZMS activity is measured for each well and the ability of each confound to inhibit NZMS 
activity can be determined, as well as the dose-response profiles. This assay could also be used to 
identify molecules which enhance NZMS activity. 

Various modifications and variations of the desciibedj methods and systems of ttie invention 
will be apparent to those skilled in the art without departing from flie scope and spirit of the invention. 
Allliough the invention has been described in connection with certain embodiments, it should'be 
understood that the invention as claimed should not be unduly limited to such specific embodiments. 
Indeed, various modifications of the described modes for carrying out the invention which are obvious 
to those skilled in molecular biology or related fields are intended to be within the scope of the 
following claims. ■ 
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What is claimed is: 

1. An isolated polypeptide selected firom the group coBsistmg of: 

a) a polypeptide comprising an amino acid sequence selected from the group consisting 
ofSEQIDNO:Ml, 

b) a polypeptide comprising a naturally occurring amino acid sequence at least 90% 
identical to an amino acid sequence selected from the group consisting of SEQ ED 
NO:l-ll, 

c) a biologically active fragment of a polypeptide having an amino acid sequence 
selected from the group consisting of SEQ ID NO:l-ll, and 

d) an immunogenic fragment of a polypeptide having an amino acid sequence selected 
from the group consisting of SEQ ID NO: 1-11. 

2. An isolated polypeptide of claim 1 conoprising an amino add sequence selected from the 
group consisting of SEQ ID NO:l-ll. 

3. An isolated polymicleotide encoding a polypeptide of clabnl. 

4. An isolated polynucleotide encoding a polypeptide of claim 2. 

5. An isolated polynucleotide of claim 4 comprising a polynucleotide sequence selected from 
the group consisting of SEQ ID NO:12-22. 

6 . A recombinant polynucleotide comprising a promoter sequence operably linked to a 
poljmucleotide of claim 3 . 

7. A cell transformed with a recombinant polynucleotide of claim 6- 

8. A transgenic organism comprising a recombinant polynucleotide of claim 6. 

9. A method of producing a polypeptide of claim 1, the method comprising: 

a) culturing a cell under conditions suitable for expression of the polypeptide, wherein 
said cell is transformed with a recombinant polynucleotide, and said recombinant 
polynucleotide comprises a promoter sequence operably linked to a polynucleotide 



136 



wo 02/064795 



PCT/US02/03814 



encoding the polypeptide of claim 1 , and 
b) recovering the polypeptide so e?q)ressed. 

10. A method of claim 9, wherein the polypeptide comprises an amino acid sequence selected 
from the group consisting of SEQ ID NO:l-l 1 . 

1 1 . Aa isolated antibody which specifically binds to a polypeptide of claim 1 . 

An isolated polynucleotide selected from the group consisting of : 

a polynucleotide comprising a polynucleotide sequence selected from the group 
consisting of SEQ ID NO:12-22, 

a polynucleotide comprising a naturally occuiring polynucleotide sequence at least 
90% identical to a polynucleotide sequence selected from the group consisting of SEQ 
IDNO:12-22, 

a poljoiucleotide complementary to a polynucleotide of a), 
a polynucleotide complementaiy to a polynucleotide of b), and 
an RNA equivalent of a)-d), 

13. An isolated polynucleotide comprising at least 60 contiguous nucleotides of a 
polynucleotide of claim 12. 

14. A metiiod of detecting a target polynucleotide 'm a sample, said target polynucleotide 
having a sequence of a polynucleotide of claim 12, the method comprising: 

a) hybridizing the sanqjle with a probe comprising at least 20 contiguous nucleotides 
comprising a sequence complementary to said target polynucleotide in the sample, and 
which probe specifically hybridizes to said target polynucleotide, under conditions 
whereby a hybridization complex is formed between said probe and said target 
polynucleotide or fragments thereof, and 

b) detecting the presence or absence of said hybridization complex, and, optionally, if 
present, the amount thereof 

15. A method of claim 14, whereio the probe comprises at least 60 contiguous nucleotides. 



12, 
a) 

b) 



c) 
e) 
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16. A method of detectiBg a target polynucleotide in a sample, said target polynucleotide 
having a sequence of a polynucleotide of claim 12, the method comprising: 

a) amplifying said target polynucleotide or fragment thereof using polymerase chain 
reaction amplification, and 

b) detecting the presence or absence of said amplified target polynucleotide or fragment 
thereof, and, optionally, if present, the amount thereof. 

17. A composition comprising a pol3^eptide of claim 1 and a pharmaceutically acceptable 
excipient 

18. A composition of claun 17, wherein the polypeptide comprises an amino acid sequence 
selected from the group consisting of SEQ ID NO: 1-11. 

19. A method for treating a disease or condition associated with decreased expression of 
functional NZMS, comprising adjmnistering to a patient in need of such treatment the composition of 
claim 17. 

20. A method of screeiung a compound for effectiveness as an agonist of a polypeptide of 
claim 1 , the method comprising: 

a) exposing a sample comprising a polypeptide of claim 1 to a compoimd, and 

b) detecting agonist activity in the sanq>le. 

21 . A composition comprising an agonist compound identified by a method of claim 20 and a 
pharmaceutically acceptable excipient. 

22. A method for treating a disease or condition associated with decreased expression of 
functional NZMS, comprising administering to a patient in need of such treatment a composition of 
claim 21. 

23. A method of screening a compound for effectiveness as an antagonist of a polypeptide of 
claun 1, the method comprising: 

a) exposing a sample comprising a polypeptide of claim 1 to a compound, and 

b) detecting antagonist activity in the sample. 
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24. A compositioB comprising an antagonist compound identified by a method of claim 23 and 
a phannacentically acceptable excipient 

25. A mefliod for treating a disease or condition associated with overexpression of lunctional 
NZMS, comprising administering to a patient in need of such treatment a composition of claim 24. 

26. A method of screening for a compound that specifically binds to the polypeptide of claim 
1, the method compxdsing: 

a) combining the polypeptide of claim 1 with at least one test compound under suitable 
conditions, and 

b) detecting binding of the polypeptide of claim 1 to the test compound, thereby 
identifying a compound that specifically binds to the polypeptide of claim 1 . 

27. A method of screening for a compound that modulates the activity of the polypeptide of 
claim 1, the method comprising: 

a) combining the polypeptide of claim 1 with at least one test compound under conditions 
permissive for the activity of the polypeptide of claim 1, 

b) assessing the activity of the polypeptide of claim 1 in the presence of the test 
compound, and 

c) comparing the activity of the polypeptide of claim 1 in the presence of flie test 
compound with the activity of the polypeptide of claim 1 in the absence of flie test 
compound, wherein a change in the activity of the polypeptide of claim 1 in tiie 
presence of the test compound is indicative of a compoimd that modulates the activity 
of the polypeptide of claim 1. 

28. A method of screening a compound for effectiveness in altering expression of a target 
polynucleotide, wherein said target polynucleotide comprises a sequence of clahn 5, the method 
comprising: 

a) exposing a sample comprising the target polynucleotide to a compound, under 
conditions suitable for the e^q^ression of the target polynucleotide, 

b) detecting altered expression of the target polynucleotide, and 

c) comparing the expression of the target polynucleotide in flie presence of varying 
amounts of the compound and in the absence of the compound. 
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29. A method of assessing toxicity of a test compound, tJie metliod comprising: 

a) treating a biological sample containing nucleic acids wyQi the test compotmd, 

b) hybridizing the nucleic acids of the treated biological sample with a probe comprising 
at least 20 contiguous nucleotides of a poljomcleotide of claim 12 under conditions 

5 whereby a specific hybridization complex is formed between said probe and a target 

<» . 

polynucleotide in the biological sample, said target polynucleotide comprising a 
polynucleotide sequence of a polynucleotide of claini 12 or fragment thereof, 

c) quandiymg the amount of hybridization complex, and 

d) comparing the amount of hybridization complex in the treated biological sample with 
10 the amount of hybridization complex in an untreated biological sample, wherein a 

difference in the amount of hybridization complex in the treated biological sample is 
indicative of toxicity of the test compoxmd. 

30. A diagnostic test for a condition or disease associated with the expression of NZMS in a 
15 biological sample, the method comprising: 

a) combining the biological sample with an antibody of claim 11, under conditions suitable 
for the antibody to bind the polypeptide and form an antibody:polypeptide complex, 
and 

b) detecting the complex, whereia the presence of the complex correlates with the 
20 presence of the polypeptide in the biological sample. 

31- The antibody of claim 11, wherein the antibody is: 

a) a chimeric antibody, 

b) a single chain antibody, 
25 c) a Fab fragment, 

d) a F(ab')2 fragment, or 

e) a humanized antibody. 



30 



32. A composition compiising an antibody of claim 1 1 and an acceptable excipient 

33. A method of diagnosing a condition or disease associated with the expression of NZMS in 
a subject, comprising administering to said subject an effective amount of the composition of claim 32. 
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34. A composition of claim 32, wherein the antibody is labeled. 

35. A method of diagnosing a condition or disease assodated with the expression of NZMS in 
a subject, comprising admnustering to said subject an effective amount of flie composition of claim 34. 

36. A method of preparing a po^^loJMl antibody with the specificity of the antibody of claim 
11, the method comprising: 

a) iromunizing an animal with a polypeptide consisting of an amino acid sequence 
selected from the group consisting of SEQ ID NO:l-ll, or an immunogenic fragment 
thereof, under conditions to elicit an antibody response, 

b) isolating antibodies from said anicual, and 

c) screening the isolated antibodies with the polypeptide, thereby identifying a polyclonal 
antibody which binds specifically to a polypeptide comprising an amino acid sequence 
selected from the group consisting of SEQ ID NO:l-l 1. 

37. Apolyclonalantibodyproducedby a method of claim 36. 

38. A composition comprising the polyclonal antibody of claim 37 and a suitable carrier. 

39. A method of making a monoclonal antibody with the specificity of the antibody of claim 
1 1 , the method comprising: 

a) immunizins an animal wifli a polypeptide consisting of an amino acid sequence 
selected from the group consisting of SEQ ID NO:l-ll, or an immunogenic fragment 
thereof, under, conditions to elicit an antibody response, 

b) isolating antibody producing cells from the animal, 

c) fusing the antibody producing cells with iromortialized cells to f omai monoclonal 
antibody-producing hybridoma cells, 

d) culturing the hybridoma cells, and 

e) isolating from the culture monoclonal antibody which binds specifically to a 
polypeptide comprising an amino acid sequence selected from the group consisting of 
SEQIDNO:l-ll. 

40. A monoclonal antibody produced by a method of claim 39. 
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41. A composition comprising the monoclonal antibody of claim 40 and a suitable carrier. 
42- Hie antibody of claim 11, wherein the antibody is produced by screening a Fab expression 

library. 

5 ■ 

43 . The antibody of claim 11, wherein the antibody is produced by screening a recombinant 
immunogllobulin library. 

44. A method of detecting a polypeptide comprising an amino acid sequence selected from 
10 the group consisting of SEQ ID NO:l-ll in a sample, the method comprising: 

a) incubating the antibody of claim 1 1 with a sample tmder conditions to allow specific 
binding of the antibody and the polypeptide, and 

b) detecting specific binding, wherein specific binding indicates the presence of a 
polypeptide comprising an amino acid sequence selected from the group consisting of 

15 SEQID NO:l-ll in the sample. 

45. A method of purifying a polypeptide comprising an amino acid sequence selected from 
the group consisting of SEQ ID NO:l-ll from a sample, the method comprising: 

a) incubating the antibody of claim 1 1 with a sample under conditions to allow specific 
20 binding of the antibody and the polypeptide, and 

b) separating the antibody from the sample and obtaining the purified polypeptide 
comprising an amino acid sequence selected from the group consisting of SEQ ID 
NO:l-ll. 

25 46. A microarray wherein at least one element of the microarray is a polynucleotide of claim 

13. 

47. A method of generating an expression profile of a sample which contains polynucleotides, 
the method comprising: 
30 a) labeling the polynucleotides of the sample, 

b) contacting the elements of the microarray of claim 46 with the labeled polynucleotides 
of the sample under conditions suitable for the formation of a hybridization complex, 
and 
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c) quantifyiiig the egression of the polynucleotides in the sample. 

48. An array comprising different nucleotide molecules affixed in distinct physical locations 
on a solid substrate, wherein at least one of said nucleotide molecules comprises a first oligonucleotide 
or polynucleotide sequence specifically hybridizable with at least 30 contiguous nucleotides of a target 
polynucleotide, and wherein said target polynucleotide is a polynucleotide of claim 12. 

49. An array of claim 48, wherein said first oligonucleotide or polynucleotide sequence is 
completely complementary to at least 30 contiguous nucleotides of said target polynucleotide. 

50. An array of claim 48, wherein said first oligonucleotide or polynucleotide sequence is 
completely complementary to at least 60 contiguous nucleotides of said target polynucleotide; 

51. An array of claim 48, wherein said first oligonucleotide or polynucleotide sequence is 
completely complementary to said target polynucleotide. 

52. An 

array of claim 48, which is a microarray. ■ 

53. An array of claim 48, further comprising said target polynucleotide hybridized to a 
nucleotide molecule comprising said first oligonucleotide or polynucleotide sequence. 

54. An array of claim 48, wherein a linker joins at least one of said nucleotide molecules to 
said solid substrate. 

55. An array of claim 48, wherein each distinct physical location on the substrate contains 
multiple nucleotide molecules, and the multiple nucleotide molecules at any single distinct physical 
location have the same sequence, and each distinct physical location on the substrate contains 
nucleotide molecules having a sequence which diflFers from the sequence of nucleotide molecules at 
another distinct physical location on the substrate. 

56. A polypeptide of claun 1 , comprising the amino acid sequence of SEQ ID NO:l. 

57. A polj^eptide of claim 1, comprising the amino acid sequence of SEQ ID NO:2. 
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58. A polypeptide of claim 1, comprising the anmno acid sequence of SEQ ID NO:3. 

59. A polypeptide of claim 1, comprising the ammo acid sequence of SEQ ID NO:4. 

60. A polypeptide of claim 1, comprising the amino acid sequence of SEQ ID NO:5. 

61. A polypeptide of claim 1, comprisiog the amino acid sequence of SEQ ID NO:6. 

62. A polypeptide of claim 1, comprising the amino acid sequence of SEQ ED NO:7. 

63. A polypeptide of claim 1, comprising the amino acid sequence of SEQ ID NO:8. 

64. A polypeptide of claim 1, compiising the amino acid sequence of SEQ ID NO:9. 
15 65. A polypeptide of claim 1, comprising the amino acid sequence of SEQ ID NO:10. 

66. A polypeptide of claim 1, comprising the amino acid sequence of SEQ ID NO:ll. 

67. A polynucleotide of claim 12, comprising the polynucleotide sequence of SEQ ID NO:12. 

20 

68. A polynucleotide of claim 12, comprising the poljoiucleotide sequence of SEQ ID NO:13. 

69. A polynucleotide of claim 12, comprising the polynucleotide sequence of SEQ ID NO: 14. 
25 70. A polynucleotide of claim 12, comprising the polynucleotide sequence of SEQ ID NO: 15. 

71. Apolynucleotideof claim 12, comprising the polynucleotide sequence of SEQ ID NO: 16. 

72. A polynucleotide of claim 12, comprising the polynucleotide sequence of SEQ ID NO:17. 

73. A polynucleotide of claim 12, comprisiag the polynucleotide sequence of SEQ ID NO:18. 

74. A polynucleotide of claim 12, comprising the polynucleotide sequence of SEQ ID NO:19. 
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75- A polynucleotide of claim 12, comprising the polynucleotide sequence of SEQ ID NO:20. 

76. A polynucleotide of claim 12, comprising flie polynucleotide sequence of SEQ ID N0:21. 

77. A polynucleotide of claim 12, comprising the polynucleotide sequence of SEQ ID NO:22. 
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Phe 


His 


Glu 


Tyr 


Pro 










20 






25 










30 


Ala 


Ser 


Leu 


Met 


Pro 


Asp 


He 


Leu Leu Ala 


Arg 


Ser 


Asn 


Pro 


Phe 










35 






40 










45 


His Arg 


Gly 


Gly 


Ser 


Gly 


Ala 


Gly Asn Val 


Thr 


Met 


Leu 


Gly 


Ser 










50 






55 










60 


Lys 


Lys 


Lys 


Tyr 


lie 


Val 


Asn 


Gly Asn Ser 


Gly 


He 


Lys 


Ala 


Gin 










65 






70 










75 


lie 


Gin 


Phe 


Ala 


Asp 


Gin 


Lys 


Gin Glu Phe 


Asn 


Lys 


Arg 


Pro 


Thr 










80 






85 










90 
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Lys lie Gly Arg Arg Ser Leu Ser Arg Ser lie Ser Gin Ser Ser 
95 100 105 

Thr Asp Ser Tyr Ser Ser Ala Ala Ser Tyr Thr Asp Ser Ser Asp 
110 115 120 

Asp Glu Thr Ser Pro Arg Asp Lys Gin Gin Lys Asn Ser Lys Gly 
125 130 135 

Ser Ser Asp Phe Cys Val Lys Asn lie Lys Gin Ala Glu Phe Gly 
140 145 150 

Arg Arg Glu He Glu He Ala Glu Gin Glu Met Pro Ala Leu Met 
155 160 165 

Ala Leu Arg Lys Arg Ala Gin Gly Glu Lys Pro Leu Ala Gly Ala 
170 175 180 

Lys He Val Gly Cys Thr His He Thr Ala Gin Thr Ala Val Leu 
185 190 195 

Met Glu Thr Leu Gly Ala Leu Gly Ala Gin Cys Arg Trp Ala Ala 
200 205 210 

Cys Asn He Tyr Ser Thr Leu Asn Glu Val Ala Ala Ala Leu Ala 
215 220 225 

Glu Ser Gly Phe Pro Val Phe Ala Trp Lys Gly Glu Ser Glu Asp 
230 235 240 

Asp Phe Trp Trp Cys He Asp Arg Cys Val Asn Val Glu Gly Trp 
245 250 255 

Gin Pro Asn Met He Leu Asp Asp Gly Gly Asp Leu Thr His Trp 
260 265 270 

He Tyr Lys Lys Tyr Pro Asn Met Phe Lys Lys He Lys Gly He 
275 280 285 

Val Glu Glu Ser Val Thr Gly Val His Arg Leu Tyr Gin Leu Ser 
290 295 300 

Lys Ala Gly Lys Leu Cys Val Pro Ala Met Asn Val Asn Asp Ser 
305 310 315 

Val Thr Lys Gin Lys Phe Asp Asn Leu Tyr Cys Cys Arg Glu Ser 
320 325 330 

He Leu Asp Gly Leu Lys Arg Thr Thr Asp Met Met Phe Gly Gly 
335 340 345 

Lys Gin Val Val Val Cys Gly Tyr Gly Glu Val Gly Lys Gly Cys 
350 355 360 

Cys Ala Ala Leu Lys Ala Met Gly Ser He Val Tyr Val Thr Glu 
365 ' 370 375 

He Asp Pro He Cys Ala Leu Gin Ala Cys Met Asp Gly Phe Arg 
380 385 390 

Leu Val Lys Leu Asn Glu Val He Arg Gin Val Asp He Val He 
395 400 405 

Thr Cys Thr Gly Asn Lys Asn Val Val Thr Arg Glu His Leu Asp 
410 .- 415 420 

Arg Met Lys Asn Ser Cys He Val Cys Asn Met Gly His Ser Asn 
425 430 435 

Thr Glu Thr Asp Val Ala Ser Leu Arg Thr Pro Glu Leu Thr Trp 
440 445 450 

Glu Arg Val Arg Ser Gin Val Asp His Val He Trp Pro Asp Gly 
455 460 465 

Lys Arg He Val Leu Leu Ala Glu Gly . Arg Leu "Leu Asn Leu Ser 
470 475 480 

Cys Ser Thr Val Pro Thr Phe Val Leu Ser He Thr Ala Thr Thr 
485 490 495 

Gin Ala Leu Ala Leu He Glu Leu Tyr Asn Ala Pro Glu Gly Arg 
500 505 510 
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Tyr Lys Gin Asp Val Tyr Leu Leu Pro 
515 

Val Ala Ser Leu His Leu Pro Thr Phe 
530 

Leu Thr Asp Glu Gin Ala Lys Tyr Leu 
545 

Pro Phe Lys Pro Asn Tyr Tyr Arg Tyr 
560 

<210> 2 

<211> 178 

<212> PRT 

<213> Homo - sapiens 

<220> 

<221> inisc_f eature 
. <223> Incyte ID No: 7485242CD1 

<400> 2 



Met 


Trp 


Gin 


Thr 


Ala 


Thr Ser Gly 


Pro 


Leu 


Leu 


Pro Pro 


Thr 


Thr 


1 








5 










10 








15 


Leu 


Thr 


Leu 


Pro 


Ala 


Gly Gly Met 


Ala 


Pro 


Ala 


Val Thr 


Arg 


Leu 










20 










25 








30 


Leu 


Phe 


Leu 


Gin 


Leu 


Val 


Leu 


Gly 


Pro 


Thr 


Leu 


Val Met 


Asp 


He 










35 










40 








45 


Lys 


Met 


Gin 


He 


Gly 


Ser 


Arg 


Asn 


Phe 


Tyr 


Thr 


Leu Ser 


He 


Asp 










50 










55 








60 


Tyr 


Pro 


Arg 


Val 


Asn 


Tyr 


Pro 


Lys 


Gly 


Phe 


Arg 


Gly Tyr 


Cys 


Asn 










65 










70 








75 


Gly 


Leu 


Met 


Ser 


TyT 


Met 


Arg 


Gly 


Lys 


Met 


Gin 


Asn Ser 


Asp 


Cys 










80 










85 








90 


Pro 


Lys 


lie 


His 


Tyr 


Val 


He 


His 


Ala 


Pro 


Trp 


Lys Ala 


He 


Gin 










95 










100 








105 


Lys 


Phe 


Cys 


Lys 


Tyr 


Ser 


Asp 


Ser 


Phe 


Cys 


Glu 


Asn Tyr 


Asn 


Glu 










110 










115 








120 


Tyr 


Cys 


Thr 


Leu 


Thr 


Gin 


Asp 


Ser 


Leu 


Pro 


lie 


Thr Val 


Cys 


Ser 










125 










130 








135 


Leu 


Ser 


His 


Gin 


Gin 


Pro 


Pro 


Thr 


Ser 


Cys 


Tyr 


Tyr Asn 


Ser 


Thr 










140 










145 








150 


Leu 


Thr 


Asn 


Gin 


Lys 


Leu 


Ty^:" 


Leu 


Leu 


Cys 


Ser Arg Lys 


Tyr 


Glu 










155 










160 








165 


Ala 


Asp 


Pro 


He 


Gly 


He 


Ala 


Gly 


Leu 


Tyr 


Ser Gly He 














170 










175 











<210> 3 

<211> 371 

<212> PRT 

<213> Hozno sapiens 

<220> 

<221> misc^f eature 

<223> Incyte ID No: 2900469CD1 

<400> 3 

Met Leu Gly Ser Arg Ala Ala Gly Phe Ala Arg Gly Leu Arg Ala 
15 10 15 



Lys 
520 
Asp 
535 
Gly 
550 



Lys 
Ala 
Leu 



Met 
His 
Asn 



Asp 
Leu 
Lys 



Glu 
Thr 
Asn 



Tyr 
525 
Glu 
540 
Gly 
555 
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Leu Ala Leu Ala Trp Leu Pro Gly Trp Arg Gly Arg Ser Phe Ala 
20 25 30 

Leu Ala Arg Ala Ala Gly Ala Pro His Gly Gly Asp Leu Gin Pro 
35 40 45 

Pro Ala Cys Pro Glu Pro Arg Gly Arg Gin Leu Ser Leu Ser Ala 
50 55 60 

Ala Ala Val Val Asp Ser Ala Pro Arg Pro Leu Gin Pro Tyr Leu 
65 70 75 

Arg Leu Met Arg Leu Asp Lys Pro He Gly Thr Trp Leu Leu Tyr 
.80 85 90 

Leu Pro Cys Thr Trp Ser lie Gly Leu Ala Ala Glu Pro Gly Cys 
95 100 105 

Phe Pro Asp Trp Tyr Met Leu Ser Leu Phe Gly Thr Gly Ala He 
110 115 120 

Leu Met Arg Gly Ala Gly Cys Thr He Asn Asp Met Trp Asp Gin 
125 130 135 

Asp Tyr Asp Lys Lys Val Thr Arg Thr Ala Asn Arg Pro He Ala 
140 145 150 

Ala Gly Asp He Ser Thr Phe Gin Ser Phe Val Phe Leu Gly Gly 
155 160 165 

Gin Leu Thr Leu Ala Leu Gly Val Leu Leu Cys Leu Asn Tyr Tyr 
170 175 180 

Ser He Ala Leu Gly Ala Gly Ser Leu Leu Leu Val He Thr Tyr 
185 190 195 

Pro Leu Met Lys Arg He Ser Tyr Trp Pro Gin Leu Ala Leu Gly 
200 205 210 

Leu Thr Phe Asn Trp Gly Ala Leu Leu Gly Trp Ser Ala He Lys 
215 220 225 

Gly Ser Cys Asp Pro Ser Val Cys Leu Pro Leu Tyx: Phe Ser Gly 
230 235 240 

Val Met Trp Thr Leu He Tyr Asp Thr lie Tyr Ala His Gin Asp 
245 250 255 

Lys Arg Asp Asp Val Leu He Gly Leu Lys Ser Thr Ala Leu Arg 
260 265 270 

Phe Gly Glu Asn Thr Lys Pro Trp Leu Ser Gly Phe Ser Val Ala 
275 280 285 

Met Leu Gly Ala Leu Ser Leu Val Gly Val Asn Ser Gly Gin Thr 
290 295 300 

Ala Pro Tyr Oyr -Ala Ala Leu Gly Ala Val Gly Ala His Leu Thr 
305 310 315 

His Gin He Tyr Thr Leu Asp He His Arg Pro Glu Asp Cys Trp 
320 325 330 

Asn Lys Phe He Ser Asn Arg Thr Leu Gly Leu He Val Phe Leu 
335 340 345 

Gly lie Val Leu Gly Asn Leu Trp Lys Glu Lys Lys Thr Asp Lys 
350 355 360 

Thr Lys Lys Gly He Glu Asn Lys He Glu Asn 
365 370 



<210> 4 

<211> 384 

<212> PRT 

<213> Homo sapiens 

<220> 

<221> mis cofeature 
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<223> Incyte ID No: 6928818CD1 

<400> 4 



Met 


Ala 


Phe 


Pro 


Cys 


Arg 


Arg 


Ser 


Leu 


Thr 


Ala Lys 


Thr 


Leu 


Ala 


1 








5 










10 








15 


Cys 


Leu 


Leu 


Val 


Gly 


Val 


Ser 


Phe 


Leu 


Ala 


Leu Gin 


Gin 


Trp 


Phe 










20 










25 








30 


Leu 


Gin 


Ala 


Pro 


Arg 


Ser 


Pro 


Arg 


Glu 


Glu 


Arg Ser 


Pro 


Gin 


Glu 










.35 










40 








45 


Glu 


Thr 


Pro 


Glu 


Gly 


Pro 


Thr 


Asp 


Ala 


Pro 


Ala Ala 


Asp 


Glu 


Pro 










50 










55 








60 


Pro 


Ser 


Glu 


Leu 


Val 


Pro 


Gly 


Pro 


Pro 


Cys 


Val Ala 


Asn 


Ala 


Ser 










65 










70 








75 


Ala 


Asn 


Ala 


Thr 


Ala 


Asp 


Phe 


Glu 


Gin 


Leu 


Pro Ala 


Arg 


He 


Gin 










80 










85 








90 


Asp 


Phe 


Leu 


Arg 


Tyr 


Arg 


His 


Cys 


Arg 


His 


Phe Pro 


Leu 


Leu 


Trp 










95 










100 








105 


Asp 


Ala 


Pro 


Ala 


Lys 


Cys 


Ala 


Gly 


Gly 


Arg 


Gly Val 


■Phe 


Leu 


Leu 










110 










115 








120 


Leu 


Ala 


Val 


Lys 


Ser 


Ala 


Pro 


Glu 


His 


Tyr Glu Arg 


Arg 


Glu 


Leu 










125 










130 








135 


lie Arg 


Arg 


Thr 


Trp 


Gly Gin 


Glu 


Arg 


Ser Tyr Gly Gly Arg 


Pro 










140 










145 








150 


Val 


Arg 


Arg 


Leu 


Phe 


Leu 


Leu 


Gly 


Thr 


Pro 


Gly Pro 


Glu 


Asp 


Glu 










155 










160 








165 


Ala 


Arg 


Ala 


Glu 


Arg 


Leu 


Ala 


Glu 


Leu 


Val 


Ala Leu 


Glu 


Ala 


Arg 










170 










175 








180 


Glu 


His 


Gly 


Asp 


Val 


Leu 


Gin 


Trp 


Ala 


Phe 


Ala Asp 


Thr 


Phe 


Leu 










185 










190 








195 


Asn 


Leu 


Thr 


Leu 


Lys 


His 


Leu 


His 


Leu 


Leu 


Asp Trp 


Leu 


Ala 


Ala 










200 










205 








210 


Arg 


Cys 


Pro 


His Ala 


Arg 


Phe 


Leu 


Leu 


Ser Gly Asp 


Asp 


Asp 


Val 










215 










220 








225 


Phe 


Val 


His 


Thr 


Ala 


Asn 


Val 


Val 


Arg 


Phe 


Leu Gin 


Ala 


Gin 


Pro 










230 










235 








240 


Pro Gly 


Arg 


His 


Leu 


Phe 


Ser 


Gly Gin 


Leu 


Met Glu 


Gly 


Ser 


Val 










245 










250 








255 


Pro 


He 


Arg 


Asp 


Ser 


Trp 


Ser 


Lys 


Tyr 


Phe 


Val Pro 


Pro 


Gin 


Leu 










260 










265 








270 


Phe 


Pro 


Gly 


Ser 


Ala 


Tyr 


Pro 


Val 


Tyr 


Cys 


Ser Gly Gly Gly Phe 










275 










280 








285 


Leu 


Leu 


Ser 


Gly 


Pro 


Thr 


Ala 


Arg 


Ala 


Leu 


Arg Ala 


Ala 


Ala 


Arg 










290 










295 








300 


His 


Thr 


Pro 


He 


Phe 


Pro 


He 


Asp 


Asp 


Ala 


Tyr Met 


Gly Met 


Cys 










305 










310 








315 


Leu 


Glu 


Arg 


Ala Gly 


Leu 


Ala 


Pro 


Ser Gly His Glu Gly He Arg 










320 










325 








330 


Pro 


Phe 


Gly 


Val 


Gin 


Leu 


Pro 


Gly Ala Gin Gin Ser Ser Phe Asp 










335 










340 








345 


Pro 


Cys 


Met 


Tyr 


Arg 


Glu 


Leu 


Leu 


Leu 


Val 


His Arg 


Phe 


Ala 


Pro 










350 










355 








360 


Tyr 


Glu 


Met 


Leu 


Leu 


Met 


Trp 


Lys 


Ala 


Leu 


His Ser 


Pro 


Ala 


Leu 










365 










370 








375 


Ser 


Cys Asp 


Arg 


Gly 


His 


Arg 


Val 


Ser 




















380 
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<210> 5 

<211> 484 

<212> PRT 

<213> Homo sapiens 

<220> 

<221> misc^f eature 

<223> Incyte ID No: 1801591CD1 

<400> 5 . 

Met Ala Arg Leu Leu Arg Ser Ala Thr Trp Glu Leu Phe Pro Trp 
1 5 10 15 

Arg Gly Tyr Cys Ser Gin Lys Ala Lys Gly Glu Leu Cys Arg Asp 
20 25 30 

Phe Val Glu Ala Leu Lys Ala Val Val Gly Gly Ser His Val Ser 
35 . 40 45 

Thr Ala Ala Val Val Arg Glu Gin His Gly Arg Asp Glu Ser Val 
50 55 60 

His Arg Cys Glu Pro Pro Asp Ala Val Val Trp Pro Gin Asn Val 
65 . 70 75 

Glu Gin Val Ser Arg Leu Ala Ala Leu Cys Tyr Arg Gin Gly Val 
80 85 90 

Pro lie He Pro Phe Gly Thr Gly Thr Gly Leu Glu Gly Gly Val 
95 100 105 

Cys Ala Val Gin Gly Gly Val Cys Val Asn Leu Thr His Met Asp 
110 115 120 

Arg He Leu Glu Leu Asn Gin Glu Asp Phe Ser Val Val Val Glu 
125 130 135 

Pro Gly Val Thr Arg Lys Ala Leu Asn Ala His Leu Arg Asp Ser 
140 145 ■ . 150 

Gly Leu Trp Phe Pro Val Asp Pro Gly Ala Asp Ala Ser Leu Cys 
155 160 165 

Gly Met Ala Ala Thr Gly Ala Ser Gly Thr Asn Ala Val Arg Tyr 
, 170 175 180 

Gly Thr Met Arg Asp Asn Val Leu Asn Leu Glu Val Val Leu Pro 
185 190 195 

Asp Gly Arg Leu Leu His Thr Ala Gly Arg Gly Arg His Phe Arg 
200 _ 205 210 

Lys Ser Ala Ala Gly Tyr Asn Leu Thr Gly Leu Phe Val Gly Ser 
215 220 225 

Glu Gly Thr Leu Gly Leu He Thr Ala Thr Thr Leu Arg Leu His 
230 235 240 

Pro Ala Pro Glu Ala Thr Val Ala Ala Thr Cys Ala Phe Pro Ser 
245 250 255 

Val Gin Ala Ala Val Asp Ser Thr Val His He Leu Gin Ala Ala 
260 265 270 

Val Pro Val Ala Arg He Glu Phe Leu Asp Glu Val Met Met Asp 
275 280 285 

Ala Cys Asn Arg Tyr Ser Lys Leu Asn Cys Leu Val Ala Pro Thr 
290 295 300 

Leu Phe Leu Glu Phe His Gly Ser Gin Gin Ala Leu Glu Glu Gin 
305 310 315 

Leu Gin Arg Thr Glu Glu He Val Gin Gin Asn Gly Ala Ser Asp 
320 325 330 

Phe Ser Trp Ala Lys Glu Ala Glu Glu Arg Ser Arg Leu Trp Thr 
335 340 345 
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Ala 


Arg 


His 


Asn Ala Trp 


Tyr AXa AJ.a Lieu a±sl inr Ax^g jrio saxy 










350 




355 . 360 


Cys 


Lys 


Gly 


Tyr 


Ser 
365 


Thr 


Asp Vax Cys va± irro x±e oer Arg i^eu 
370 375 


Pro 


Glu 


He 


Val 


Val 
380 


Gin 


Tnr- Lys gxu Asp Lieu Asn axb. ser wxy 
385 390 


Leu 


Thr 


Gly 


Ser 


He 
395 


Val 


Gly Hxs Val Gly Asp Gly Asn Pne His 
400 405 


Cys 


He 


Leu 


Leu 


Val 
410 


Asn 


Pro Asp Asp Ala Glu Glu Leu Gly Arg 
415 420 


Val 


Lys 


Ala 


Phe 


Ala 
425 


Glu 


Gin Leu Gly Arg Arg Ala Leu Ala Leu 


His 


Gly 


Thr 


Cys 


Thr 
440 


Gly 


Glu His Gly He Gly Met Gly Lys Arg 

445 450 


Gin 


Leu 


Leu 


Gin 


Glu 
455 


Glu 


Val Gly Ala Val. Gly Val Glu Thr Met 
460 465 


Arg 


Gin 


Leu 


Lys 


Ala 
47 O 


Val 


Leu Asp Pro Gin Gly Leu Met Asn Pro 
475 480 


Gly 


Lys 


Val 


Leu 









<210> 6 
-<211> 526 
<212> PRT 
<213> Homo sapiens 

<220> 

<221> misc^feature 

<223> Incyte ID No: 2257558CDi 

<400> 6 



Met 


Glu 


Pro 


Asp 


Pro 


Glu 


Pro 


Ala 


Ala 


Val 


Glu 


Val 


Pro 


Ala Gly 


1 








5 










10 










15 


Arg 


Val 


Leu 


Ser 


Ala 
20 


Arg 


Glu 


Leu 


Phe 


Ala 
25 


Ala 


Arg 


Ser 


Arg 


Ser 
30 


Gin 


Lys 


Leu 


Pro 


Gin 
35 


Arg 


Ser 


His 


Gly 


Pro 
40 


Lys 


Asp 


Phe 


Leu 


Pro 
45 


Asp 


Gly 


Ser 


Ala 


Ala 
50 


Gin 


Ala 


Glu 


Arg 


Leu 
55 


Arg 


Arg 


Cys 


Arg 


Glu 
60 


Glu 


Leu 


Trp 


Gin 


Leu 


Leu 


Ala 


Glu 


Gin 


Arg 


Val 


Glu 


Arg 


Leu Gly 










65 










70 










75 


Ser 


Leu 


Val 


Ala 


Ala 
80 


Glu 


Trp 


Arg 


Pro 


Glu 
85 


Glu 


Gly 


Phe 


Val 


Glu 
90 


Leu 


Lys 


Ser 


Pro 


Ala 
95 


Gly 


Lys 


Phe 


Trp 


Gin 
100 


Thr 


Met 


Gly 


Phe 


Ser 
105 


Glu 


Gin 


Gly 


Arg 


Gin 
110 


Arg 


Leu 


His 


Pro 


Glu 
115 


Glu 


Ala 


Leu 


Tyr 


Leu 
120 


Leu 


Glu 


Cys 


Gly 


Ser 


He 


His 


Leu 


Phe 


His 


Gin 


Asp Leu 


Pro 


Leu 










125 










130 










135 


Ser 


He 


Gin 


Glu 


Ala 
140 


Tyr 


Gin 


Leu 


Leu 


Leu 
145 


Thr 


Asp 


His 


Thr 


Val 
150 


Thr 


Phe 


Leu 


Gin 


Tyr 


Gin 


Val 


Phe 


Ser 


His 


Leu 


Lys Arg Leu Gly 










155 










160 










165 


Tyr 


Val 


Val 


Arg 


Arg 


Phe 


Gin 


Pro 


Ser 


Ser Val 


Leu 


Ser 


Pro 


Tyr 








170 










175 










180 


Glu 


Arg 


Gin 


Leu 


Asn 


Leu 


Asp 


Ala 


Ser 


Val 


Gin 


His 


Leu 


Glu 


Asp 
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185 




190 


195 


Gly Asp Gly 


Lys 


' Arg 


Lys Arg Ser 


Ser Ser Ser Pro 


Arg Ser He 






200 




205 


210 


Asn Lys Lys 


Ala 


Lys 


Ala Leu Asp 


Asn Ser Leu Gin 


Pro Lys Ser 






215 




220 


225 


Leu Ala Ala 


Ser 


Ser 


Pro Pro Pro 


Cys Ser Gin Pro 


Ser Gin Cys 






230 




235 


240 


Pro Glu Glu 


Lys 


Pro 


Gin Glu Ser .Ser Pro Met Lys 


Gly Pro Gly 






245 




250 


255 


Gly Pro Phe 


Gin 


Leu 


Leu Gly Ser 


Leu Gly Pro Ser 


Pro Gly Pro 






260 




265 


270 


Ala Arg Glu 


Gly Val 


Gly Cys Ser Trp Glu Ser Gly Arg Ala Glu 






275 




280 


285 


Asn Gly Val 


Thr 


Gly 


Ala Gly Lys 


Arg Arg Trp Asn 


Phe Glu Gin 






290 




295 


300 


lie Ser Phe 


Pro 


Asn 


Met: Ala Ser 


Asp Ser Arg His 


Thr Leu Leu 






305 




310 


315 


. Arg Ala Pro 


Ala 


Pro 


Glu Leu Leu 


Pro Ala Asn Val 


Ala Glv Ara 






320 




325 


330 


Glu Thr Asp 


Ala 


Glu 


Ser Trp Cys 


Gin Lys Leu Asn 


Gin Arcr Lvs 






335 




340 


345 


Glu Lys Leu 


Ser 


Arg 


Arg Glu Arg 


Glu His His Ala 


Glu Ala Ala 






350 




355 


360 


Gin Phe Gin 


Glu 


Asp 


Val Asn Ala 


Asp Pro Glu Val 


Gin Aro Cvs 






365 




370 


375 


Ser Ser Trp 


Arg 


Glu 


Tyr Lys Glu 


Leu Leu Gin Arg 


Arg Gin Val 






380 




385 


390 


Gin Arg Ser 


Gin 


Arg 


Arg Ala Pro 


His Leu Trp Gly 


Gin Pro Val 






395 




400 


405 


Thr Pro Leu 


Leu 


Ser 


Pro Gly Gin 


Ala Ser Ser Pro 


Ala Val Val 






410 




415 


^ 420 


Leu Gin His 


lie 


Ser 


Val Leu Gin 


Thr Thr His Leu 


Pro Asp Gly 






425 




430 


435 


Gly Ala Arg 


Leu 


Leu 


Glu Lys Ser 


Gly Gly Leu Glu 


He He Phe 






440 




445 


450 


Asp Val Tyr 


Gin 


Ala 


Asp Ala Val 


Ala Thr Phe Arg 


Lys Asn Asn 






455 




460 


465 


Pro Gly Lys 


Pro 


Tyr 


Ala Arg Net 


cys lie Ser Gly 


Phe Asp Glu 






470 




475 


480 


Pro Val Pro 


Asp 


Leu 


Cys Ser Leu 


Lys Arg Leu Ser 


Tyr Gin Ser 






485 




490 


495 


Gly Asp Val 


Pro 


Leu 


lie Phe Ala 


Leu Val Asp His 


Gly Asp He 






500 




505 


510 


Ser Phe Tyr 


Ser 


Phe 


Arg Asp Phe 


Thr Leu Pro Gin 


Asp Val Gly 






515 




520 


525 



His 



<210> 7 
<211> 567 

<212> PRT 

<213> Homo sapiens 
<220> 

<221> inisc_f eature 

<223> Incyte ID No: 5701733CD1 
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<400> 7 

Met Lys Pro Val Trp Val Ala Thr Leu Leu Trp Met Leu Leu Leu 
15 10 15 

Val Pro Arg Leu Gly Ala Ala Arg. Lys Gly Ser Pro Glu Glu Ala 

20 .25 30 

Ser Phe Tyx Tyr Gly Thr Phe Pro Leu Gly Phe Ser Trp Gly Val 

35 40 45 

Gly Ser Ser Ala Tyr Gin Thr Glu Gly Ala Trp Asp Gin Asp Gly 

50 55 ^0 

Lys Gly Pro Ser lie Trp Asp Val Phe Thr His Ser Gly Lys Gly 
65 70 75 

Lys Val Leu Gly Asn Glu Thr Ala Asp Val Ala Cys Asp Gly Tyr 
80 85 90 

Tyr Lys Val Gin Glu Asp lie He Leu Leu Arg Glu. Leu His Val 
95 100 105 

Asn His Tyr Arg Phe Ser Leu Ser Trp Pro Arg Leu Leu Pro Thr 

110 115 120 

Gly He Arg Ala Glu Gin Val Asn Lys Lys Gly He Glu Phe Tyr 

125 130 135 . 

Ser Asp Leu He Asp Ala Leu Leu Ser Ser Asn He Thr Pro He 

140 145 150 

Val Thr Leu His His Trp Asp Leu Pro Gin Leu Leu Gin Val Lys 

155 160 165 

Tyr Gly Gly Trp Gin Asn Val Ser Met Ala Asn Tyr Phe Arg Asp 

170 175 180 

Tyx Ala Asn Leu Cys Phe Glu Ala Phe Gly Asp Arg Val Lys His 

185 190 195 

Trp He Thr Phe Ser Asp Pro Arg Ala Met Ala Glu Lys Gly Tyr 

200 205 210 

Glu Thr Gly His His Ala Pro Gly Leu Lys Leu Arg Gly Thr Gly 

215 220 225 

Leu Tyr Lys Ala Ala His His He He Lys Ala His Ala Lys Thr 

230 235 240 

Trp His Ser Tyr 'Asn Thr Thr Trp Arg Ser Lys Gin Gin Gly Leu 

245 250 255 

Val Gly He Ser Leu Asn Cys Asp Trp Gly Glu Pro Val Asp He 

260 265 270 

Ser Asn Pro Lys Asp Leu Glu Ala Ala Glu Arg Tyr Leu Gin Phe 

275 280 285 

Cys Leu Gly Trp Phe Ala Asn Pro He Tyr Ala Gly Asp Tyr Pro 

290 295 300 

Gin Val Met Lys Asp Tyr He Gly Arg Lys Ser Ala Glu Gin Gly 

305 310 315 

Leu Glu Met Ser Arg Leu Pro Val Phe Ser Leu Gin Glu Lys Ser 

320 325 330 

Tyr He Lys Gly Thr Ser Asp Phe Leu Gly Leu Gly His Phe Thr 

335 340 345 

Thr Arg Tyr He Thr Glu Arg Asn Tyr Pro Ser Arg Gin Gly Pro 

350 355 360 

Ser Tyr Gin Asn Asp Arg Asp Leu He Glu Leu Val Asp Pro Asn 

365 * 370 375 

Trp Pro Asp Leu Gly Ser Lys Trp Leu Tyr Ser Val Pro Trp Gly 

380 385 390 

Phe Arg Arg Leu Leu Asn Phe Ala Gin Thr Gin Tyr Gly Asp Pro 

395 400 405 

Pro He Tyr Val Met Glu Asn Gly Ala Ser Gin Lys Phe His Cys 
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410 



415 



420 



Thr Gin Leu 


Cys 


Asp 


Glu 


Trp 


Arg He 


Gin Tyr Leu 


Lys 


Gly 


Tyr 






425 








430 






435 


lie Asn Glu 


Met 


Leu 


Lys 


Ala 


He Lys. 


Asp Gly Ala 


Asn 


He 


Lys 






440 








445 






450 


Gly Tyr Thr 


Ser 


Trp 


Ser 


Leu 


Leu Asp 


Lys Phe Glu 


Trp 


Glu 


Lys 






455 








460 






465 


Gly Tyr Ser 


Asp 


Arg 


Tyr 


Gly 


Phe Tyr 


Tyr Val Glu Phe Asn Asp 






470 








475 






480 


Arg Asn Lys 


Pro 


Arg 


Tyr 


Pro 


Lys Ala 


Ser Val Gin 


Tyr 


Tyr 


Lys 






485 








490 






495 


Lys lie lie 


He 


Ala 


Asn 


Gly 


Phe Pro 


Asn Pro Arg 


Glu 


Val 


Glu 






500 








505 






510 


Ser Trp Tyr 


Leu 


Lys 


Ala 


Leu 


Glu Thr 


Cys Ser He 


Asn 


Asn 


Gin 






515 








520 






525 


Met Leu Ala 


Ala 


Glu 


Pro 


Leu 


Leu Ser 


His Met Gin 


Met 


Val 


Thr 






530 








535 






540 


Glu lie Val 


Val 


Pro 


Thr 


Val 


Cys Ser 


Leu Cys Val 


Leu 


He 


Thr 






545 








550 






555 


Ala Val Leu 


Leu 


Met 


Leu 


Leu 


Leu . Arg 


Arg Gin Ser 









<210> 8 

<211> 318 , 
<212> PRT 

<213> Homo sapiens 
<220> 

<221> inisc_f eature 

<223> Incyte ID No: 2706884CDi 

<400> 8 

Met Leu Phe Ser Ala Leu Leu Leu Glu Val He Trp He Leu Ala 
.1 5 10 15 

Ala Asp Gly Gly Gin His Trp Thr TVr Glu Gly Pro His Gly Gin 
20 25 30 

Asp His Trp Pro Ala Ser Tyr Pro Glu Cys Gly Asn Asn Ala Gin 
35 40 45 

Ser Pro He Asp He Gin Thr Asp Ser Val Thr Phe Asp Pro Asp 
50 55 60 

Leu Pro Ala Leu Gin Pro His Gly Tyr Asp Gin Pro Gly Thr Glu 
65 70 75 

Pro Leu Asp Leu His Asn Asn Gly His Thr Val Gin Leu Ser Leu 
80 85 90 

Pro Ser Thr Leu Tyr Leu Gly Gly Leu Pro Arg Lys Tyr Val Ala 
.95 100 105 

Ala Gin Leu His Leu His Trp Gly Gin Lys Gly Ser Pro Gly Gly 
110 115 120 

Ser Glu His Gin He Asn Ser Glu Ala Thr Phe Ala Glu Leu His 
125 130 135 

He Val His Tyr Asp Ser Asp Ser Tyr Asp Ser Leu Ser islu Leu 
.140 145 150 

Ala Glu Arg Pro Gin Gly Leu Ala Val Leu Gly He Leu lie Glu 
155 160 165 

Val Gly Glu Thr Lys Asn He Ala Tyr Glu His He Leu Ser His 



560 



565 



170 



175 



180 



10/24 



wo 02/064795 



PCT/US02/03814 



Leu His Glu Val Arg His Lys Asp Gin Lys Thr Ser Val Pro Pro 

185 190 195. 

Phe Asn Leu Arg Glu Leu Leu Pro Lys Gin Leia Gly Gin Tyr Phe 

200 205 210 

Arg Tyr Asn Gly Ser Leu Thr Thr Pro Pro Cys Tyr Gin Ser Val 

215 220 225 

Leu Trp Thr Val Phe Tyr Arg Arg Ser Gin lie Ser Met Glu Gin 

230 235 240 

Leu Glu Lys Leu Gin Gly Thr Leu Phe Ser Thr Glu Glu Glu Pro 

245. 250 \ 255 

Ser Lys Leu Leu Val Gin Asn Tyr Arg Ala Leu Gin Pro Leu Asn 

260 265 270 

Gin Arg Met Val Phe Ala Ser Phe lie Gin Gly Ser Ser Tyr Thr 

275 280 285 
Thr Gly Arg Arg Gly Leu Lys Thr Glu Arg Val Trp Ser Ser Pro 

290 295 300 

Gin His Lys Pro Arg Leu Arg His Lys Phe -Leu Leu Arg Tyr His 

305 310 315 

Gly Cys Gly 



<210> 9 . • 

<211> 556 

<212> PRT 

<213> Homo sapiens 

<220> 

<221> misc^feature 

<223> Incyte ID No: 4974616Cbl 

<400> 9 



Met 


Arg 


Arg 


Phe 


Val 


Tyr 


Cys 


Lys 


Val 


Val 


Leu 


Ala 


Thr Ser 


Leu 


1 








5 










10 








15 


Met 


Trp 


Val 


Leu 


Val 


Asp 


Val 


Phe 


Leu 


Leu 


Leu 


Tyr 


Phe Ser 


Glu 










20 










25 








30 


Cys 


Asn 


Lys 


Cys 


Asp 


Asp 


Lys 


Lys 


Glu 


Arg 


Ser 


Leu 


Leu Pro 


Ala 










35 










40 








45 


Leu 


Arg 


Ala 


Val 


lie 


Ser 


Arg 


Asn 


Gin 


Glu 


Gly Pro 


Gly Glu 


Met 










50 










55 








60 


Gly 


Lys 


Ala 


Val 


Leu 


He 


Pro 


Lys 


Asp 


Asp 


Gin 


Glu 


Lys Met 


Lys 










65 










70 








75 


Glu 


Leu 


Phe 


Lys 


He 


Asn 


Gin 


Phe 


Asn 


Leu 


Met 


Ala 


Ser Asp 


Leu 










80 










85 








90 


lie 


Ala 


Leu 


Asn 


Arg 


Ser 


Leu 


Pro 


Asp Val 


Arg 


Leu 


Glu Gly 


Cys 










95 










100 








105 


Lys 


Thr 


Lys 


Val 


Tyr 


Pro 


Asp 


Glu 


Leu 


Pro 


•Asn 


Thr 


Ser Val 


Val 










110 










115 








120 


lie 


Val 


Phe 


His 


Asn 


Glu 


Ala 


Trp 


Ser 


Thr 


Leu 


Leu 


Arg Thr 


Val 










125 










130 








135 


Tyr 


Ser 


Val 


lie 


Asn 


Arg 


Ser 


Pro 


His 


Tyr 


Leu 


Leu 


Ser Glu 


Val 










140 










145 








150 


lie 


Leu 


Val 


Asp 


Asp 


Ala 


Ser 


Glu 


Arg 


Asp 


Phe 


Leu 


Lys Leu 


Thr 










155 










160 








165 


Leu 


Glu 


Asn 


Tyr 


Val 


Lys 


Asn 


Leu 


Glu 


Val 


Pro 


Val 


Lys He 


He 










170 










175 








180 


Arg 


Met 


Glu 


Glu 


Arg 


Ser 


Gly 


Leu 


He Arg 


Ala 


Arg 


Leu Arg 


Gly 
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185 190 195 

Ala Ala Ala Ser Lys Gly Gin Val lie Thr Phe Leu Asp Ala His 
200 205 210 

Cys Glu Cys Thr Leu Gly Trp Leu Glu Pro Leu Leu Ala Arg lie 
215 ' 220 225 

Lys Glu Asp Arg Lys Thr Val Val Cys Pro lie lie Asp Val lie 
230 235 240 

Ser Asp Asp Thr Phe Glu Tyr Met Ala Gly Ser Asp Met Thr Tyr 
245 250 255 

Gly Gly Phe Asn Trp Lys Leu Asn Phe Arg Trp Tyr Pro Val Pro 
260 265 270 

Gin Arg Glu Met Asp Arg Arg Lys Gly Asp Arg Thr. Leu Pro Val 
275 280 285 

Arg Thr Pro Thr Met Ala Gly Gly Leu Phe Ser He Asp Arg Asn 
290 295 300 

Tyr Phe Glu Glu He Gly Thr Tyr Asp Ala Gly Met Asp He Trp 
305 310 315 

Gly Gly Glu Asn Leu Glu Met Ser Phe Arg He Trp Gin Cys Gly 
320 325. 330 

Gly Ser Leu Glu He Val Thr Cys Ser His Val Gly His Val Phe 
335 340 345 

Arg Lys Ala Thr Pro Tyr Thr Phe Pro Gly Gly Thr Gly His Val 
350 355 360 

He Asn Lys Asn Asn Arg Arg Leu Ala Glu Val Trp Met Asp Glu 
365 370 375 

Phe Lys Asp Phe Phe Tyr He He Ser Pro Gly Val Val Lys Val 
380 385 390 

Asp Tyr Gly Asp Val Ser Val Arg Lys Thr Leu Arg Glu Asn Leu 
395 400 405 

Lys Cys Lys Pro Phe Ser Trp Tyr Leu Glu Asn He Tyr Pro Asp 
410 415 420 

Ser Gin He Pro Arg Arg Tyr Tyr Ser Leu Gly Glu He Arg Asn 
425 430 435 

Val Glu Thr Asn Gin Cys Leu Asp Asn Met Gly Arg Lys Glu Asn 
440 445 450 

Glu Lys Val Gly He Phe Asn Cys His Gly Met Gly Gly Asn Gin 
455 460 465 

Val Phe Ser Tyr Thr Ala Asp Lys Glu He Arg Thr Asp Asp Leu 
470 475 480 

Cys Leu Asp Val Ser Arg Leu Asn Gly Pro Val He Met Leu Lys 
485 490 495 

Cys His His Met Arg Gly Asn Gin Leu Trp Glu Tyr Asp Ala Glu 
500 505 510 

Arg Leu Thr Leu Arg His Val Asn Ser Asn Gin Cys Leu Asp Glu 
515 520 525 

Pro Ser Glu Glu Asp Lys Met Val Pro Thr Met Gin Asp Cys Ser 
530 535 540 

Gly Ser Arg Ser Gin Gin Trp Leu Leu Arg Asn Met Thr Leu Gly 
545 . 550 555 

Thr 



<210> 10 

<211> 598 

<212> PRT 

<213> Homo sapiens 
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<220> 

<221> misc_f eature . 

<223> Incyte ID No: 70861047CD1 

<400> 10 

Met Ala Ser Leu Arg Arg Val Lys Val Leu Leu Val Leu Asn Leu 

1 5 10 15 

He Ala Val Ala Gly Phe Val Leu Phe Leu Ala Lys Cys Arg Pro 

20 25 30 

He Ala Val Arg Ser Gly Asp Ala Phe His Glu He Arg Pro Arg 

35 40 . 45 

Ala Glu Val Ala Asn Leu Ser Ala His Ser Ala Ser Pro He Gin 

50 55 60 

Asp Ala Val Leu Lys Arg Leu Ser Leu Leu Glu Asp He Val Tyr 

65 70 75 

Arg Gin Leu Asn Gly Leu Ser Lys Ser Leu Gly Leu He Glu Gly 

80 85 90 

Tyr Gly Gly Arg Gly Lys Gly Gly Leu Pro Ala Thr Leu Ser Pro 

95 100 105 

Ala Glu Glu Glu Lys Ala Lys Gly Pro His Glu Lys Tyir Gly Tyr 

110 lis 120 

Asn Ser Tyr Leu Ser Glu Lys He Ser Leu Asp Arg Ser He Pro 

125 130 135 

Asp Tyr Arig Pro Thr Lys Cys Lys Glu Leu Lys Tyr Ser Lys Asp 

140 145 150 

Leu Pro Gin He Ser He He Phe He Phe Val Asn Glu Ala Leu 

155 . 160 165 

Ser Val He Leu Arg Ser Val His Ser Ala Val Asn His Thr Pro 

170 175 180 

Thr His Leu Leu Lys Glu He He Leu Val Asp Asp Asn Ser Asp 

185 190 195 

Glu Glu Glu Leu Lys Val Pro Leu Glu Glu Tyr Val His Lys Arg 

200 205 210 

Tyr Pro Gly Leu* Val Lys Val Val Arg Asn Gin Lys Arg Glu Gly 

215 220 225 
Leu He Arg Ala Arg He Glu Gly Trp Lys Val Ala Thr Gly Gin 

230 235 240 

Val Thr Gly Phe Phe Asp Ala His Val Glu Phe Thr Ala Gly Trp 

245 250 255 
Ala Glu Pro Val Leu Ser Arg He Gin Glu Asn Arg Lys Arg Val 

260 265 270 

He Leu Pro Ser He Asp Asn He Lys Gin Asp Asn Phe Glu Val 

275 280 285 

Gin Arg Tyr Glu Asn Ser Ala His Gly Tyr Ser Trp Glu Leu Trp 

290 295 300 

Cys Met Tyr He Ser Pro Pro Lys Asp Trp Trp Asp Ala Gly Asp 

305 310 315 

Pro Ser Leu Pro He Arg Thr Pro Ala Met He Gly Cys Ser Phe 

320 325 330 
Val Val Asn Arg Lys Phe Phe Gly Glu He Gly Leu Leu Asp Pro 

335 340 345 
Gly Met Asp Val Tyr Gly Gly Glu Asn He Glu Leu Gly He Lys 

350 355 360 

Val Trp Leu Cys Gly Gly Ser Met Glu Val Leu Pro Cys Ser Arg 

365 370 375 

Val Ala His He Glu Arg Lys Lys Lys Pro Tyr Asn Ser Asn He 
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380 








385 


390 


Gly 


Phe 


Tyr Thr Lys 


Arg 


Asn 


Ala 


Leu Arg Val 


Ala Glu Val Trp 






395 








400 


405 


Met 


Asp 


Asp Tyr Lys 


Ser 


His 


Val 


Tyr He Ala 


Trp Asn Leu Pro 






410 








415 


420 


Leu 


Glu 


Asn Pro Gly 


He 


Asp 


He 


Gly Asp Val 


Ser Glu Arg Arg 






425 








430 . 


435 


Ala 


Leu 


Arg Lys Ser 


Leu 


Lys 


Cys 


Lys Asn Phe Gin Trp Tyr Leu 






440 








445 


450 


Asp 


His 


Val Tyr Pro 


Glu 


Met 


Arg 


Arg Tyr Asn 


Asn Thr Val Ala 






455 








460 


465 


Tyr 


Gly 


Glu Leu Arg 


Asn 


Asn 


Lys 


Ala Lys Asp 


Val Cys Leu Asp 






470 








475 


480 


Gin 


Gly 


Pro Leu Glu 


Asn 


His 


Thr 


Ala He Leu 


Tyr Pro Cys His 






. 485 








490 


495 


Gly 


Trp 


Gly Pro Gin 


Leu 


Ala 


Arg 


Tyr Thr Lys 


Glu Gly Phe Leu 






500 








505 


510 


His 


Leu 


Gly Ala Leu 


Gly 


Thr 


Thr 


Thr Leu Leu 


Pro Asp Thr Arg 






515 








520 


525 


Cys 


Leu 


Val Asp Asn 


Ser 


Lys 


Ser Arg Lieu Pro 


Gin Leu Leu Asp 






530 








535 


540 


Cys 


Asp 


Lys Val Lys 


Ser 


Ser 


Leu 


Tyr Lys Arg 


Trp Asn Phe He 






545 








550 


555 


Gin 


Asn 


Gly Ala He 


M^t 


Asn Lys Gly Thr Gly Arg Cys Leu Glu 






560 








565 


570 


Val 


Glu 


Asn Arg Gly 


Leu 


Ala 


Gly 


He Asp Leu 


He Leu Arg Ser 






575 








580 


585 


Cys Thr Gly Gin Arg Trp Thr He 


Lys Asn Ser 


He Lys 






590 








595 





<210> 11 

<211> 230 

<212> PRT 

<213> Homo sapiens 



<220> 

<221> inisc_feature 

<223> Incyte ID No: 7472794CD1 

<400> 11 



Met 


Leu 


Lys Ser Cys Phe 


Pro 


Glu 


Ser Leu Lys 


Val 


Tyr Gly Ala 


1 




5 






10 




15 


Val 


Met 


Asn He Asn Arg 


Gly 


Asn 


Pro Phe Gin 


Lys 


Glu Val Val 






20 






25 




30 


Leu 


Asp 


Ser Trp Pro Asp 


Phe 


Lys 


Ala Val He Thr Arg Arg Gin 






35 






40 




45 


Arg 


Glu 


Ala Glu Thr Asp 


Asn 


Leu 


Asp His TyT 


Thr 


Asn Ala Tyr 






50 






55 




60 


Ala 


Val 


Phe Tyr Lys Asp 


Val 


Arg 


Ala Tyr Arg 


Gin 


Leu Leu Glu 






65 






70 




75 


Glu 


Cys 


Asp Val Phe Asn 


Trp 


Asp 


Gin Val Phe 


Gin 


He Gin Lys 






80 






85 




90 


Gly 


Pro 


Ser Pro Arg Leu 


Thr 


Tyr Leu Ser Val 


Ala 


Asn Ala Asp 






95 






100 




105 


Leu 


Leu Asn Arg Thr Trp 


Ser 


Arg 


Gly Gly Asn 


Glu 


Gin Cys Leu 






110 






115 




120 
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Arg Tyr lie Ala Asn Leu lie Ser Cys Phe Pro Ser Val Cys Val 

125 130 .135 

Arg Asp Glu Lys Gly Asn Pro Val Ser Trp Ser lie Thr Asp Gin 

140 145 150 

Phe Ala Thr Met Cys His Gly Tyr Thr Leu Pro Glu His Arg Arg 

155 160 165 

Lys Gly Tyr Ser Arg Leu Val Ala Leu Thr Leu Ala Arg Lys Leu 

170 175 180 

Gin Ser Arg oly Phe Pro Ser Gin Gly Asn Val Leu Asp Asp Asn 

.185 190 195 

Thr Ala Ser lie Ser Leu Leu Lys Ser Leu His Ala Glu Phe Leu 

200 205 210 

Pro Gys Arg Phe His Arg Leu lie Leu Thr Pro Ala Thr Phe Ser 

215 220 225 

Gly Leu Pro His Leu 

230 

<210> 12 
<211> 1891 
<212> DNA 

<213> Homo sapiens 
<220> 

<221> misc^feature 

<223> Incyte ID No: 7484737C31 

gggacggtaa tgagggcacc tcagcttttc acatgcctga gtggatggaa 60 
ttgactttca tgagtatcca gccagcttga tgcccgatat tcttttggca 120 
cttttcatag aggtggcagt ggggctggta atgtcactat gctgggcagc 180 
acattgttaa tggcaactct gggattaagg cccagatcca gtttgctgac 240 
aat:t:caacaa acgtcccacc aaaattggac gtcgctcttt gtctcgttcc 300 
catctactga cagctacagc tcagcggctt catatacaga tagctctgat 360 
cgccqaggga caagcagcaa aagaactcta agggaagcag tgacttctgt 420 
tcaaacaggc agagtttgga cgaagagaaa ttgaaattgc tgaacaagaa 480 
tigatggcttt gaggaagaga gctcaaggag aaaagccttt ggctggagcc 540 
girtgcacaca catcactgct cagactgctg tgcttatgga aactctgggt 600 
cccagtgccg atgggctgcc tgcaacatct attccactct caatgaagtg 660 
tagcagaaag tggatttcct gtttttgcct ggaagggaga gtcagaagat 720 
ggtgtatcga tagatgtgtg aatgtggagg gctggcagcc aaacatgatc. 780 
gaggggatct tacccactgg atttataaaa agtatcccaa catgtttaag 840 
gcatagtaga ggagagtgtt actggagttc acaggctgta ccaactgtcc 900 
agctgtgtgt tccagccatg aatgtcaatg actcagtcac caaacagaaa 9 60 
tctactgttg ccgtgaatca attcttgatg gacttaaaag gacaacagac 1020' 
gtggaaagca agtggtagtc tgtggctatg gagaggtggg gaaagggtgc 1080 
tgaaagccat gggctccatt gtgtatgtaa ctgaaattga ccccatctgt 1140 
cctgtatgga tggatttcga ctggtgaaat taaatgaggt catccgacaa 1200 
t:t:at:tacctg tiacaggtaac aagaatgtgg taaccagaga gcacttggac 1260 
atagctgcat cgtttgtaac atgggacatt ccaacacaga gactgacgtg 1320 
ggacaccaga actgacctgg gagcgagtga gatct<:aagt tgaccatgtg 1380 
atggcaagag gatagtactg ctggcagagg gccgcctgct gaaccttagc 1440 
tgcctacatt tgtgctctca atcactgcta ctactcaggc tcttgccttg 1500 
acaatgctcc tgagggtcgc tataagcagg atgtctacct gttgcccaag 1560 
agtatgtggc cagcctacac ctgcctacct ttgatgccca cttgacagag 1620 
aacaggccaa gtatctggga ctcaacaaga atgggccctt caagcctaat 1680 
attaagttcc tgtaactcaa accagaattt ttaaggaata gaactccaag 1740 



<400> 12 

atggagaagt 

atctggttga 

agaagtaatc 

aagaagaaat 

cagaagcaag 

atttctcagt 

gatgagacat 

gttaagaaca 

atgcctgcat 

aaaatcgtgg 

gctctggggg 

gctgctgctc 

gacttttggt 

ttggatgatg 

aaaatcaagg 

aaagctggga 

tttgacaacc 

atgatgtttg 

tgtgctgccc 

gccctgcaag 

gtggacattg 

cgtatgaaga 

gcgagtctgc 

atatggcctg 

tgctccacag 

atagagcttt 

aagatggatg 

ctgacagatg 

-bactacaggt 
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ccttttctcc actactatac aagaaagaat tcagcaagct gcttctccaa tcaaagctgc 1800 
ctgccgtgct caccctgtgt gttaggttat ttatttatta aaatcaagaa tcctgtgcct 1860 
gcaaaaaaaa aaaaaaaaaa aaaaaaaaaa a 1891 

<210> 13 
<211> 1056 
<212> DNA 

<213> Homo sapiens 
<220> 

<221> inisc_feature 

<223> Incyte ID No: 7485242CB1 

<400> 13 

agatagtaat gcctctttcc tcccacccat ccaaccctct tagcacaggg gctcatcaaa 60 
ctcggggaca ttccctcctc ccagactgat ttttacctag aaacctttct agcctctcct 120 
catctcttga ctgtcttggc cttggcaaga agaatacacg tccctaccca gctatcttca 180 
gctcctgtcc ttcctcccag ctgccagaga attgtcaggt cagcctgctc cttctttctt 240 
ctctgcattt tttactagca ggagtgccag gggcccaagg actcttggga agagtctctc 300 
acccaaggac cagttagagc tcttattctg caaatgtagc tcacggactc tgcagaggct 360 
gagattctgt ggtggaccag gggagcaggg ctggctgaag gtggctggtt gtctgggtgg 420 
ccttgggcaa gcatctcctq tttctgggtc atgagaactt ggttatgggt gagatgatct 480 
ctaaagtact gttgggttgg gaatgctgga ggctctggga tgtggcagac agccacttca 540 
ggcccactgc tgcccccaac caccttaact ctaccagcag gaggaatggc accagctgtg 600 
acccggctcc ttttcctcca gcttgttctg gggccaactc tggtcatgga catcaagatg 660 
cagattggca gcaggaactt ctatacctta agcattgact atcccagggt taactaccca 720 
aagggtttcc ggggctattg taatggtctg atgtcctata tgcgaggcaa gatgcaaaat 780 
tcagattgcc caaagatcca ttatgtgata catgcccctt ggaaggccat ccagaagttc 840 
tgcaagtata gtgacagctt ctgtgagaat tacaatgaat actgcacact cacccaggat 900 
tccctcccca tcacggtctg ctccctgagc caccaacagc cacccactag ctgctactac 960 
aatagcaccc ^aaccaacca gaagctctac ctactctgct cccgcaagta tgaagctgat 1020 
ccaataggta tcgctggtct ctattcggga atttaa 1056 

<210> 14 

<211> 1520 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc_f eature 

<223> Incyte ID No: 290P469CB1 

<400> 14 

gtcccggcct caccagcgcc atgctgggct cgcgagccgc ggggttcgcg cggggcctgc 60 
gggctttggc actggcgtgg ctgccgggct ggcggggccg ctccttcgcc ctggcgcgtg 120 
cggcaggcgc gccccacggt ggtgacttgc agccccccgc ctgtcccgag ccgcgcgggc 180 
gccagctcag tttgtccgcg gcggcggtgg tggactctgc gccccgcccc ctgcagccgt 240 
acttgcgcct catgcggttg gacaagccca ttggaacctg gcttctgtat ttaccatgta 300 
cctggagcat tggtttggca gctgaaccag gttgttttcc agattggtac atgctctccc 360 
tctttggcac tggagctatt ctgatgcgtg gagcaggctg tactattaat gacatgtggg 420 
accaggacta tgataaaaag gttacaagaa cagccaatcg tccaatiagcc gctggagaca 480 
tttcaacttt tcagtccttt gtttttcttg ggggacagct aaccctggca ctgggtgttc 540 
ttctgtgtct aaattactac agtatagctc tgggagcagg atccttactt cttgtcatca 600 
cctacccact aatgaaaaga atttcatact ggcctcaact agccctgggc ttgacattta 660 
attggggagc gttacttgga tggtctgcta tcaagggttc ctgtgatcca tctgtttgcc 720 
tgcctcttta tttttctgga gttatgtgga cactaatata tgatactatt tatgcccatc 780 



16/24 



wo 02/064795 



PCT/US02/03814 



aggacaaaag agatgatgtt ttgattggtc ttaagtcaac ggctctgcgg ttcggagaaa 840 
ataccaagcc gtggctcagt ggcttcagtg ttgcaatgct gggggcactg agcctagtgg 900 

gtgtgaacag tggacagact gctccct:act acgctgccct gggtgctgta ggagcccatc 960 

tgactcacca gatttacact ctagacatcc acagacctga ggattgttgg aataaattta 1020 

tctccaaccg aacactggga ctaatagttt ttttagggat tgtccttggg aatttgtgga 1080 
aagaaaagaa gacagacaaa acaaagaagg gtatagagaa taaaatagaa aattaatgaa 1140 

tgaaatttat ctaggaattt ttaaaacatt ttttacaaaa tataattaga tttgaataca 1200 
aaatctgata caatatgtta aagaattaag aacctgaaga tgaagattta gagcatattt 1260 

acctggattt tacttatttg ctagcaaaat tcccccttgt cacagaaacc agggactctt 1320 

caggatttga gatggccttg agtattttag ttgatacatt cttctgccca ttataattct 1380 

cacctgaagli tzatggggatli gcacgggttt tggcacttta gaaaaagcct gatgtgggtc 1440 

ttacataaat gaatgtctgt ataagaaaat ggactctttt. ttttagggaa aaataaaagc 1500 
aactatggga aaaaaaaaaa .1520 

<210> 15 
<211> 3007 
<212> DNA 

<213> Homo sapiens 
<220> 

<221> inisc_f eature 

<223> Incyte ID No: 6928818CB1 

<400> 15 

gcaaagggaa ctgagaaaca tggtcaaaaa gaaaggagga aaggcaggag agcgtagagt 60 

ctgttttaag gagggagaag gaacggggca cagtggctca tgcctgtaat cccagcactt 120 

ttcggggctg aggtgggagg atcacttgaa cccaggagtt caagaccaga ctgggcaata 180 

tagtgggaac ccgtctctac agaaaaaaaa aaaaaaatat ttaatggacc caggtgtgtg 240 

gtgggcacgc tcctggtaga gcgcctcaac taactccaaa agctggaagt ggggaggact 300 

ggcttgagcc taaggtgggt caagactggc agtggagtca tggatgggtg gtcactggta 360 

ctccaggcct ggggtggaca caggcaagag accctggtct caaa1:t:aaca taacataggc 420 

caaccgggtc tggaagatgg caagaacctg atgtgactga atttttagca gggcacagtt 480 

aaatacggga aaggttgttc tgacctggga ttcgtcctgg gggtcttcat aaaagccagg 540 

cctgaggtgc acctgggcag gctiacatgca ggagagggcc tgaaggtgaa tgtttgggaa 600 

cagcaaataa taccagcagg tagaatgagg aggcagagct agaggatgcc gtggagatca 660 

tctcacccat aaggtcatat cacccgtgtc acccagtcac tggccacttc atactcattt 720 

catgctcaca acagccctgc agtaggaatt cactaaccct tcgtcacaga tgagaacact 780 

cagacccagc catcggaact gactgtticag acggtgcaga tggggaagtg gggatggcag 840 

aattcggctc tgggtctgag ttcagtgcta tcacctcatg cttcctcgac tcgggaggca 900 

acgaggggaa gtgattagag atgatccgag ctggacagag gcggagagga gggaataaat 960 

gagagggatg tagggcgcag aatcaacagg atgcggagag caggtagcag ctgagaagga 1020 

caaggaagaa ggctggggct tctggctgga gtagtcaggt gaacggaggt gggaacagca 1080 

gggtatgggt tcaggggaag atggagactc agacgatgag tccactgggc ctatgtgacg 1140 

ggttgtgggg cggtgttgtc aggaggcaaa gagagactca aatctgaagg tcagaggcac 1200 

ggtccggagt gtgggagacc agagaccgtc agtgtaatct tggattttga ttccttttta 1260 

ccacttaaca gcagagttga gaaggg^ctg gagctgggtt ctgggagaga agtgacgggg 1320 

tacgggtggt gtcctgccgg tgtcaaagac gacttccggc tcacctctga ctcggtttcc 1380 

cccacagatg gcttttccct gccgcaggtc cctgactgcc aagactctgg cctgcctcct 1440 

ggtgggcgtg agtttcttag cactgcagca gtggttcctc caggcgccaa ggtccccgcg 1500 

ggaggagagg tccccgcagg aggagacgcc agagggtccc accgacgctc ccgcggctga 1560 

cgagccgccc tcggagctcg tccccgggcc cccgtgcgtg gcgaacgcct cggcgaacgc 1620 

cacggccgac ttcgagcagc tgcccgcgcg catccaggac ttcctgcggt accgccactg 1680 

ccgccacttc ccgctgcttt gggacgcacc ggccaagtgc gccggcggcc gaggcgtgtt 1740 

cctgctcctg gcggtgaagt cggcgcctga gcactacgag cgacgcgagc tcatccggcg 1800 

cacgtggggg caagagcgca gctacggcgg gcggccagtg cgccgcctct ttctattggg 1860 

caccccgggc cccgaggacg aggcgcgcgc ggagcggctg gcggagctgg tggcgctgga 1920 
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ggcgcgcgag cacggcgacg tgctgcagtg ggccttcgcg gacaccttcc tcaacctcac 1980 
gctcaagcac ctgcacttgc tcgactggct ggctgcacgc tgcccgcacg cgcgctttct 2040 
gctcagcggc gacgacgacg tgttcgtgca caccgccaac gtagtccgct tcctgcaggc 2100 
gcagccaccc ggccgccacc tgttctccgg ccagctcatg gagggctccg tgcccatccg 2160 
cgacagctgg agcaagtact tcgtgccgcc gcagctcttc cccgggtccg cttacccggt 2220 
gtactgcagc ggcggcggct tcctcctgtc cggccccacg gcccgggccc tgcgcgcggc 2280 
cgcccgccac accccgatct tccccatcga cgacgcctac atgggcatgt gtctggagcg 2340 
cgccggcctg gcgcccagcg gccacgaggg. catccgaccc ttcggcgtgc agctgcctgg 2400 
cgcacagcag tcctccttcg acccctgcat gtaccgcgag ttgctgctag tgcaccgctt 2460 
cgcgccctac gagatgctgc tcatgtggaa ggcgctgcac agccccgcgc tcagctgtga 2520 
ccggggacac cgggtctcct gaggccagtt gggcggcttc agccccgggc ctccaaccat 2580 
gtccatgctg agaaggcagc tttcccgctc tgggtacctt acgtcctgcc cagctctgtg 2640 
cacctgaacc ccagctgcgc actgaaatca gctggggtgg ggggtgtgga aaatgcctac 2700 
atcctggctc catctcccga agtttcgatt tgattagtct ggggtggacc cagacatgtt 2760 
aagtattttt taagttcctc cagtgatgcg aatgtgcagc taggcctgag gaccactcgg 2820 
ctagactatic tcttcatcct cgcaaagcca gctccaccgc ctctctgcaa gaattccggg 2880 
cccctcgctc ccacactcgg gtcctcttga gcagtggagc aagggagacc tgggagcg'tg 2940 
ggagccagga tcagggcccc tgcatgtgct acaaatgtca gttgtgattc cactgttaca 3000 
cgtgatg 3007 

<210> 16 
<211> 2058 
<212> DNA 

<213> Homo sapiens < 
<220> 

<221> misc_feature 

<223> Incyte ID No: 1801591CB1 

<400> 16 

gctgccacag tagctgactg gtcaccctgc cacccagtgc tcacaccctc tggccagtgc 60 
ctggctatgg cccgactgct caggtctgca acctgggagc tgttcccctg gaggggctac 120 
tgctcccaga aggcaaaggg agagctctgc agggacttcg tagaggctct gaaggccgtg 180 
gtgggcggct cccacgtgtc cactgccgcg gtggtccgag agcagcacgg gcgcgatgag 240 
tcggtgcaca ggtgcgaacc tcctgatgct gtggtgtggc cccagaacgt ggagcaggtc 300 
agccggctgg cagccctgtg ctatcgccaa ggtgtgccca tcatcccatt cggcaccggc 360 
accgggcttg agggtggcgt ctgtgctgtg cagggcggcg tctgcgttaa cctgacgcat 420 
atggaccgaa tcctggagct gaaccaggag ga^ttctctg tggtggtgga gccaggtgtc 480 
acccgcaaag ccctcaacgc ccacctgcgg gacagcggcc tctggtttcc cgtggaccca 540 
ggcgcggacg cctctctctg tggcatggcg gccaccgggg cgtcggggac caacgcggtc 600 
cgctacggca ccatgcggga caacgtgctc aacctggagg tggtgctgcc cgacgggcgg 660 
ctgctgcaca cggcgggccg aggccggcat ttccggaaga gtgcagccgg ctacaacctc 720 
acggggctct tcgtgggctc cgaggggacg ctgggcctca tcacagccac caccctgcgc 780 
ctgcaccctg cccctgaggc cacagtggcc gccacgtgtg cgttccccag tgtccaggct 840 
gctgtggaca gcactgtiaca catcctccag gctgcagtgc ccgtagcccg cattgagttc 900 
ctggatgaag tcatgatgga tgcctgcaac aggtacagca agctgaattg cttagtggcg 960 
cccacactct tcctggagtt ccatggctcc cagcaggcac tggaggagca gctgcagcgc 1020 
acagaggaga tagtccagca gaacggagcc tctgacttct cctgggccaa ggaggccgag 1080 
gagcgcagcc ggctttggac agcacggcac aatgcctggt acgcagccct ggccacgcgg 1140 
ccaggctgca agggctactc cacggatgtg tgtgtgccca tctcccggct gccggagatc 1200 
gtggtgcaga ccaaggagga tctgaatgcc tcaggactca caggaagcat tgtcgggcat 1260 
gtgggtgacg gcaacttcca ctgcatcctg ctggtcaacc ctgatgacgc cgaggaactg 1320 
ggcagggtca aggcttttgc agaacagctg ggcaggcggg cactggctct ccacggaacg 1380 
tgcacggggg agcatggcat cggaatgggc aagcggcagc tgctgcagga ggaggtgggc 1440 
gccgtgggcg tggagaccat gcggcagctc aaggccgtgc tagaccccca aggcctcatg 1500 
aatccaggca aagtgctgtg aagggggtct gagcacttag cccacaagtt ccctgactac 1560 
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ggagccggtt ctggaacttt tcttcatgcc acggcccctg caaggaaata gatgcrtgagg 1620 
cagtcttcct gccagcgagc ccactgtatc tgggcccaag gccagagggc ccagagagaa 1680 
gcctgagcac cgtgttacct ccctggccct ctggctggcc ccaggagcct ttggttcagt 1740 
aaacgaccca gggtggttcc cagcaaagct gcttcctctc tgctcctacg catcctgtcc 1800 
tggcgggaag agagcgtctg ggtccattca agactctgat gacacccctc cccgaggcct 1860 
cccactgccg gggtcccagg acccttcccc cttcacctgg tgacaggaac actcctttcc 1920 
tggtatggaa cgtgagctcc cgtgacatga tgataggtct tctccttggg gcctccccca 1980 
ataaatctgt aataaacctg aaacccacct: acagctacct: ggaagtcagc aggcagcact 2040 
tcctcccctc cccctcca 2058 

<210> 17 
<211> 1951 
<212> DNA 

<213> Hozno sapiens 
<220> 

<221> misc_feature 

<223> Incyte ID No: 2257558CB1 

<400> 17 . 

gcggcgcgcg caggtcaggc ggcggcggga tggagcccga tcccgagccc gcggccgtgg 60 

aggttcccgc ggggcgcgtg ctcagcgccc gggagctctt cgccgcccgc tcgcggtcgc 120 

agaagctgcc ccagcgctcg catggcccca aggactttct gcccgacggc tcggcagctc 180 

aggccgagcg gctgcgccgg tgccgggaag agctctggca gctgctggca gagcagcgcg 240 

tggagcgcct gggcagcttg gtggctgccg agtggaggcc agaagagggc ttcgtggagt 300 

tgaagtctcc cgcgggcaaa ttctggcaga ccatgggctt ctcagagcag ggccggcagc 360 

gccttcaccc ggaagaggcc ttgtatcttc tggagtgtgg ctccatccac ctcttccacc 420 

aagacctgcc actgtctatc caggaagctt: accagctgct gctgaccgac cacactgtga 480 

ccttcctgca gtaccaggtc ttcagccacc tgaagaggtt: gggttatgtg gttcgacgat 540 

tccaaccaag ctctgtcctg tccccgtatg agaggcagct taacctggat gccagcgtgc 600 

agcacttgga ggatggagat ggcaagagaa agaggagcag ctccagccct cggtccatta 660 

ataagaaggc caaggccctg gacaactccc tgcaacccaa gagtctggca gcctccagcc 720 

cacctccctg cagccagccc agccaatgcc cagaggagaa accccaggag tcaagcccca 780 

tgaagggccc agggggcccc tttcagcttc tggggtccct gggccccagc cctggcccgg 840 

ccagggaggg ggtggggtgc agctgggaga gtggcagagc cgagaacgga gtcacgggag 900 

ccggtaagcg gcgctggaac ttcgagcaga tctccttccc caacatggct tcagacagcc 960 

gccacaccct tctgcgcgcc ccagccccag agctgctccc ggccaacgtg gctgggcggg 1020 

agacagacgc tgagtcctgg tgccagaagc tgaaccagcg caaggagaag ctctccaggc 1080 

gggaacggga gcaccacgcg gaggccgcgc agttccagga agatgtcaac gccgatcccg 1140 

aggtgcagcg ctgctccagc tggcgggagt acaaggagcli gctgcagcgg cggcaggtgc 1200 

agaggagcca gcgccgggcc cctcacctgt ggggccagcc cgtcaccccg ctgctgagtc 1260 

ctggccaggc cagctcccca gccgtggtcc ttcagcatat ctctgtgctg cagacaacac 1320 

accttcctga tggaggtgcc cggctgttgg agaagtctgg gggcttggaa atcatctttg 1380 

atigtttacca ggccgacgct gtggccacati ticcgaaagaa t:aaccctggc aaaccctiatg 1440 

cccggatgtg cattagtgga tttgatgagc ctgtcccaga cctctgcagc ctcaagcggt 1500 

tgtcttacca gagtggggat gtccctctga tctttgccct ggtggatcat ggtgacatct 1560 

ccttctacag cttcagggac ttcacgttgc cccaggatgt ggggcactga cctcacagct 1620 

ctgcagagga tggagcttgc tccgggggac cgggactgtc tgttctcagg gaccatctcg 1680 

gctgcctcct gtacccagac tctaacctgt agcttcagag gccagtctgg gccttggccc 1740 

tgggtgtctg atactcacag agtgaaactg tgaccctctc ccttccctgc tgccttgcag 1800 

tgacccctct ggaactcagg actcgatttt aaggacccag gaggtggggc agaagagagg 1860 

actgtgtgcc tttaacgaga gggtgcctgc ttcgtgctat aaagccaaag ccattaaaaa 1920 

tagatttctt t-bctgcaaaa aaaaaaaaaa a 1951 

<210> 18 
<211> 2266 
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<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc^feature 

<223> Incyte ID No: 5701733CB1 

<400> 18 

ggctgtgctg tggctcctct ctcaggggac agcgtaggcc ctgggggtca gttggagagg 60 
gctctgacta ccagcgactg ctctgggggt gtctgcgatc aaggacgatc ctgggtatgg 120 
gggagggcca ggcaccatga agccagtgtg ggtcgccacc cttctgtgga tgctactgct 180 
ggtgcccagg ctgggggccg cccggaaggg gtccccagaa gaggcctcct tctactatgg 240 
aaccttccct cttggcttct cctggggcgt gggcagttct gcctaccaga cggagggcgc 300 
ctgggaccag gacgggaaag ggcctagcat ctgggacgtc ttcacacaca gtgggaaggg 360 
gaaagtgctt gggaatgaga cggcagatgt agcctgtgac ggctactaca aggtccagga 420 
ggacaticatti ctgctgaggg aactgcacgt caaccactac cgattctccc tgtcttggcc 480 
ccggctcctg cccacaggca tccgagccga gcaggtgaac aagaagggaa tcgaattcta 540 
cagtgatctt atcgatgccc ttctgagcag caacatcact cccatcgtga ccttgcacca 600 
ctgggatctg ccacagctgc tccaggtcaa atacggtggg tggcagaatg tgagcatggc 660 
caactacttc agagactacg ccaacctgtg ctttgaggcc tttggggacc gtgtgaagca 720 
ctggatcacg ttcagtgatc ctcgggcaat ggcagaaaaa ggctatgaga cgggccacca 780 
tgcgccgggc ctgaagctcc gcggcaccgg cctgtacaag gcagcacacc acatcattaa 840 
ggcccacgcc aaaacctggc attcttataa caccacgtgg cgcagcaagc agcaaggtct 900 
ggtgggaatt tcactgaact 'gtgactgggg ggaacctgtg gacattagta accccaagga 960 
cctagaggct gccgagagat acctacagtt ctgtctgggc tggtttgcca accccattta 1020 
tgccggtgac tacccccaag tcatgaagga ctacattgga agaaagagtg cagagcaagg 1080 • 
cctggagatg tcgaggttac cggtgttctc actccaggag aagagctaca ttaaaggcac 1140 ' 
atccgatttc ttgggattag gtcattttac tactcggtac atcacggaaa ggaactaccc 1200 
ctcccgccag gggcccagct accagaacga tcgtgacttg atagagctgg ttgacccaaa 1260 
ctggccagat ctggggtcta aatggctata ttctgtgcca tggggattta ggaggctcct 1320 
taactttgct cagactcaat acggtgatcc tcccatatat gtgatggaaa atggagcatc 1380 
tcaaaaattc cactgtactc aattatgtga tgagtggaga attcaatacc ttaaaggata 1440 
cataaatgaa atgctaaaag ctataaaaga tggtgctaat ataaaggggt atacttcctg 1500 
gtctctgttg gataagtttg aatgggagaa aggatactca gatagatatg gattctacta 1560 
tgttgaattt aacgacagaa ataagcctcg ctatccaaag gcttcagttc aatattacaa 1620 
gaagattatc attgccaatg ggtttcccaa tccaagagag gtggaaagtt ggtacctcaa 1680 
agctttggaa acttgctcta tcaacaatca gatgcttgct gcagagcctt tgctaagtca 1740 
catgcaaatg gttacggaga tcgtggtacc cactgtctgc tccctctgtg tcctcatcac 1800 
tgctgttcta ctaatgctcc tcctgaggag gcagagctga gacaggatta tcaattttgg 1860 
agcttcataa gagaatcttc aggatcttcc tcccttttct gctttgaggg tttccataca 1920 
ttgctgtttt caggttctac aataattacc tttttttctc tttctctttt tggcttgtgc 1980 
ttatagagga cttcatcagc acacttcact tgaaatgcac ctggctgcag gtaaccatgt 2040 
tagtaaagaa tatcctttct tccaggctac cgtttagtgt taattccgaa aaatcaggtt 2100 
tgtgaaaatt cagatggtct atgggtgagc tgtcactcag ttgccaaact gtcttaatct 2160 
tcttttgacc actatatatt tccactctcc atttctgtgg cttctcactt tgatataagt 2220 
tctttacagc agttggtctg actggcagct gaaaaatgtg ttgctc 2266 

<210> 19 

<211> 1657 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> mis cofeature 

<223> Incyte ID No: 2706884CB1 
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<400> 19 

ggcagttgta aagtcgctgg ccagctagtg gagtggagac tgcagaggga gataaagaga 60 
gagggcaaag aggcagcaag agatttgtcc tggggatcca gaaacccatg ataccctact 120 
gaacaccgaa tcccctggaa gcccacagag acagagacag caagagaagc agagataaat 180 
acactcacgc caggagctcg ctcgctctct ctctctctct ctcactcctc cctccctctc 240 
tctctgcctg tcctagtcct ctagtcctca aattcccagt cccctgcacc ccttcctggg 300 
acactatgtt gttctccgcc ctcctgctgg aggtgatttg gatcctggct gcagatgggg 360 
gtcaacactg gacgtatgag ggcccacatg gtcaggacca ttggccagcc tcttaccctg 420 
agtgtggaaa caatgcccag tcgcccatcg atattcagac agacagtgtg acatttgacc 480 
ctgatttgcc tgctctgcag ccccacggat atgaccagcc tggcaccgag cctttggacc 540 
tgcacaacaa tggccacaca gtgcaactct ctctgccctc taccctgtat ctgggtggac 600 
ttccccgaaa atatgtagct gcccagctcc acctgcactg gggtcagaaa ggatccccag 660 
gtgggtcaga acaccagatc aacagtgaag ccacatttgc agagctccac attgtacatt 720 
atgactctga ttcctatgac agcttgagtg agcttgctga gaggcctcag ggcctggctg 780 
tcctgggcat cctaattgag gtgggtgaga ctaagaatat agcttatgaa cacattctga 840 
gtcacttgca tgaagtcagg cataaagatc agaagacctc agtgcctccc ttcaacctaa 900 
gagagctgct ccccaaacag ctggggcagt acttccgcta caatggctcg ctcacaactc 960 
ccccttgcta ccagagtgtg ctctggacag ttttttatag aaggtcccag atttcaatgg 1020 
aacagctgga aaagcttcag gggacattgt tctccacaga agaggagccc tctaagcttc 1080 
tggtacagaa ctaccgagcc cttcagcctc tcaatcagcg catggtcttt gcttctttca 1140 
tccaaggatc ctcgtatacc acaggaagaa gaggcttgaa aaccgaaaga gtgtggtctt 1200 
cacctcagca caagccacga ctgaggcata aattccttct cagataccat ggatgtggat 1260 
gacttccctt catgcctatc aggaagcctc taaaatgggg tgtaggatct ggccagaaac 1320 
actgtaggag tagtaagcag atgtcctcct tcccctggac atctcctaga gaggaatgga 1380 
cccaggctgt cattccagga agaactgcag agccttcagc ctctccaaac atgtaggagg 1440 
aaatgaggaa atcgctgtgt tgttaatgca gagaacaaac tctgtttagt tgcaggggaa 1500 , 
gtttgggata taccccaaag tcctctaccc cctcactttt atggcccttt ccctagatat 1560 
actgcgggat ctctccttag gataaagagt tgctgttgaa gttgtatatt tttgatcaat 1620 
atatttggaa attaaagttt ctgactttaa aaaaaaa 1657 

<210> 20 I 
<211> 2331 
<212> DNA 

<213> Homo sapiens 
<220> 

<221> itdsc_f eature 

<223> Incyte ID No: 4974616CB1 

<400> 20 ' 
gcgcctgctg ggcttgatct gaggctgaat cccgtgtgtg gaccgccgtt ccctcttcgc 60 
aggatcgttg gccaggatag cagatgcatt tttgtagaag cattttgagg atgaatgttt 120 
gcaaatcatt ttgaiaattgc caagtgccac atacatggaa tgtatcctgc tttcatcttg 180 
gagttcacct gtgtggcttg gatttatcac agtagcattt gtcttcaatc tgtgtgttaa 240 
ctagaaatca aggaaagaca tgaggagatt tgtctactgc aaggtggttc tagccacttc 300 
: gctgatgtgg gttcttgttg atgtcttctt actgctgtac ttcagtgaat gtaacaaatg 360 
: tgatgacaag aaggagagat ctctgctgcc tgcattgagg gctgttattt caagaaacca 420 
^ agaagggcca ggagaaatgg gaaaagctgt gttgattcct aaagatgacc aggagaaaat 480 
gaaagagctg tttaaaatca atcagtttaa ccttatggcc agtgatttga ttgcccttaa 540 
tagaagtctg ccagatgtaa gattagaagg atgtaagaca aaagtctacc ctgatgaact 600 
tccaaacaca agtgtagtca ttgtgtttca taatgaagct tggagcactc tccttagaac 660 
tgtttacagt gtgataaatc gttccccaca ctatctactc tcagaggtca tcttggtaga 720 
tgatgccagt gaaagagatt ttctcaagtt gacattagag aattacgtga aaaatttaga 780 
agtgccagta aaaattatta ggatggaaga acgctctggg ttaatacgtg cccgtcttcg 840 
aggagcagct gcttcaaaag ggcaggtcat aacttttctt gatgcacact gtgaatgcac 900 
gttaggatgg ctggagcctt tgctggcaag aataaaggaa gacaggaaaa cggttgtctg 960 
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ccctatcatt gatgtgatta gtgatgatac ttttgaatat atggctgggt cagacatgac 1020 
ttatgggggt tttaactgga aactgaattt ccgctggtat cctgttcccc aaagagaaat 1080 
ggacaggagg aaaggagaca gaacattacc tgtcaggacc cctactatgg ctggtggcct 1140 
attttctatt gacagaaact actttgaaga gataggaact tacgatgcag gaatggatat 1200 
ctggggtgga gagaatcttg aaatgtcttt taggatttgg caatgtggag gctccttgga 1260 
gattgttact tgctcccatg ttggtcatgt ttttcggaag gcaactccat acacttttcc 1320 
tggtggcact ggtcatgtca tcaacaagaa caacaggaga ctggcagaag tttggatgga 1380 
tgaatttaaa gatttcttct acatcatatc* cccaggtgtt gtcaaagtgg attatggaga 1440 
tgtgtcagtc agaaaaacac taagagaaaa tctgaagtgt aagccctttt cttggtacct 1500 
agaaaacatc tatccggact cccagatccc aagacgttat tactcacttg gtgagataag 1560 
aaatgttgaa accaatcagt gtttagacaa catgggccgc aaggaaaatg aaaaagtggg 1620 
tatattcaac tgtcatggta tgggaggaaa tcaggtattt tcttacactg ctgacaaaga 1680 
aatccgaacc gatgacttgt gcttggatgt ttctagactc aatggacctg taatcatgtt 1740 
aaaatgccac catatgagag gaaatcagtt atgggaatat gatgctgaga gactcacgtt 1800 
gcgacatgtt aacagtaacc aatgtctcga tgaaccttct gaagaagaca aaatggtgcc 1860 
tacaatgcag gactgtagtg gaagcagatc ccaacagtgg ctgctaagga acatgacctt 1920 
gggcacatga agatcatgtc ctccaagcca tgaaagtgtc tacgcttttg tttttccatt 1980 
atttcaattg ggggaaaata ttaactttgc tgaattgaaa gttttaaaaa tccttttagt 2040 
attctaaaac acaattgttt ctaattcgtt tctagaaatg tttgcttatt tccctactaa 2100 
aatttgtatc tgatcaaagc acataagaat ataaataata gcaaactact attaaacaac 2160 
agaacaactt gtaaaacaaa ttgtgtttgc tttaagaaaa atctttattg cactcatgtc 2220 
atagggttaa ttggaggtta ttttattttt ggttgtcatg gtgattgaaa gagataatgt 2280 
aaatgcctta taaaatcttc attatgaaat attatcagtt gctttataaa c 2331 

<210> 21 
<211> 3439 
<212> DNA 

<213> Homo sapiens 
<220> 

<221> misc_f eature 

<223> Incyte ID No: 70861047CB1 

<400> 21 

gcgattccgt tctccccacc accaatccga cctcccagcc gtctccgccg ccgagcatac 60 
ttgaggtggg acgagcaggg gcttggatcc ctgccggccg tctggtgtgt gaggcttgca 120 
cggcccctgg ctgccccgcg cctcgccgga gcccgagggg gcgcaggtcc ggggcgaggg 180 
ccggccQ^gc tgtttgatgg cttcactgag aagagtcaaa gtgctgttgg tgttgaactt 240 
gatcgcggta gccggcttcg tgctcttcct ggccaagtgc cggcccatcg cggtgcgcag 300 
cggagacgcc ttccacgaga tccggccgcg cgccgaggtg gccaacctca gcgcgcacag 360 
cgccagcccc atccaggatg cggtcctgaa gcgcctgtcg ctgctggagg acatcgtgta 420 
ccggcagctg aatggcttat ccaaatccct tgggctcatt gaaggttatg gtgggcgggg 480 
taaagggggc cttccggcta ctctttcccc ggctgaagaa gaaaaggcta agggacccca 540 
tgagaagtat ggctacaatt catacctcag tgaaaaaatt tcactggacc gttccattcc 600 
ggattatcgt cccaccaagt gtaaggagct caagtactcc aaggacctgc cccagatatc 660 
catcatattc atcttcgtga acgaggccct gtcggtgatc ctgcggtccg tgcacagtgc 720 
cgtcaatcac acgcccacac acctgctgaa ggaaatcatt ctggtggatg acaacagcga 780 
cgaagaggag ctgaaggtcc ccctagagga gtatgtccac aaacgctacc ccgggctggt 840 
gaaggtggta agaaatcaga agagggaagg cctgatccgc gctcgcattg agggctggaa 900 
ggtggctacc gggcaggtca ctggcttctt tgatgcccac gtggaattca ccgctggctg 960 
ggctgagccg gttctatccc gcatccagga aaaccggaag cgtgtgatcc tcccctccat 1020 
tgacaacatc aaacaggaca actttgaggt gcagcggtac gagaactcgg cccacgggta 1080 
cagctgggag ctgtggtgca tgtacatcag ccccccaaaa gactggtggg acgccggaga 1140 
cccttctctc cccatcagga ccccagccat gataggctgc tcgttcgtgg tcaacaggaa 1200 
gttcttcggt gaaattggtc ttctggatcc tggcatggat gtatacggag gagaaaatat 1260 
tgaactggga atcaaggtat ggctctgtgg gggcagcatg gaggtccttc cttgctcacg 1320 
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ggtggcccac attgagcgga agaagaagcc atataatagc aacattggct tctacaccaa 1380 

gaggaatgct cttcgcgttg ctgaggtctg gatggacgat tacaagtctc atgtgtacat 1440 

agcgtggaac ctgccgctgg agaatccggg aattgacatc ggtgatgtct ccgaaagaag 1500 

agcattaagg aaaagtttaa agtgtaagaa tttccagtgg tacctggacc atgtttaccc 1560 

agaaatgaga agatacaata ataccgttgc ttacggggag cttcgcaaca acaaggcaaa 1620 

agacgtctgc ttggaccagg ggccgctgga gaaccacaca gcaatattgt atccgtgcca 1680 

tggctgggga ccacagcttg cccgctacac caaggaaggc ttcctgcact tgggtgccct 1740 

ggggaccacc acactcctcc ctgacacccg cfegcctggtg gacaactcca agagtcggct 1800 

gccccagctc ctggactgcg acaaggtcaa gagcagcctg tacaagcgct ggaacttcat 1860 

ccagaatgga gccatcatga acaagggcac gggacgctgc ctggaggtgg agaaccgggg 1920 

cctggctggc atcgacctca tcctccgcag ctgcacaggt cagaggtgga ccattaagaa 1980 

ctccatcaag tagagggagg gagctggggc actggagcct, ggcccccagg acatggctgc 2040 

tccccccaac atctggacca gctgccctgg cggagagaca gcaaggggcc ggcaggtgct 2100 

cgatigggccc cccagggctt ctccagggca gcacagggac cccggatgaa gactctgtcc 2160 

cccctcaggc attcagctgc ccacaagttt cctgcaccct ggaaaagccc cccacccttc 2220 

ctctgggaaa ctgacagctg tcttccacag cctctgatgt ggacctggta ctgaggagca 2280 

agactgtcca gttctcctcc acatctccca tcccagaatc aggatctggg actgg.caggg 2340 

tcccctcctg tgtctcatct cttgcagcag cagctgctga actccagcca tcaacacggt 2400 

gggaggcagc gggggcttca gccatgtcct agctccccgc cctiaaaagga ggcagtgagg 2460 

accaggcact atttcctccg aggttacttc tacccagatg acacctgcct gttcacgccc 2520 

caaggcagct actgccccta acccttccca ccagggtagc tttgggcact gcagctctgg 2580 

acttttctgg cccctcctga gatgacctga tggagctgat gctttctctc ctaatccctg 2640 

ggcactaggc tcttatcagt gtgcttgggc cagctctcct gcctgtgtct agaggaagcc 2700 

agagacagaa ataggctaag cctgcagtag gatctcagcc acaagggccc cgcaggatgg 2760 

agctgggtca aggaccaggg agccctgact cccagaggct gccaccgggg agaagcagcg 2820 

gtcctccatc cagaacctaa gggctgaagc aaaggctgcc aggacccttg aagatgfcttt 2880 

tggctcacct catttcaccc cacgctctgc tggctggcag aggagaaggc agtcgtttcc 2940 

tctctgaaga gtattttttt cgattgccct ctggttaggg tgcacatata, aatcagagtt 3000 

aatatatgaa cgcgtgtgca tgcacaagtg tgtgtgtgcc tgcgtgctgt gcgtggcagg 3060 

gtgtgtgtgt gtgtgtctgg ctgtgcgttc cggagtgtgt gacgatgctg acctagctgt 3120 

gtggccttgg gcttgctgct tcattactca cctggatggg gacgagggat gagaagggtg 3180 

tgggtttggc cccatgtcac tggccggaag gatgtgtctc agccctgccc tgtggggtgc 3240 

ccccgatggg aggctgtccc atctcccagt ccccatctct ttttccccac actgtccctg 3300 

gccaagccct gcccagagct: gaaccctgta gctgccccct tgccctgtgt gggattcgca 3360 

gtgtctcatt tggtgacgtc ttactggtga tcatctcctc accccatctc ccaccttgtg 3420 
gaataaatac atgttagcc 3439 

<210>.22 

<211> 2749 

<212> DNA 

<213> Hoxno sapiens 

<220> 

<221> misc^f eature 

<223> Incyte ID No: 7472794CB1 

<400> 22 

cacgagcgag caagtgccga aagttaatgc cccgggaatg ttcaatatag tggttcttac 60 

attttagtgt ttatcagaat cacccagagg gcaggttgca acacacatca ctaggcctct 120 

ccttctacga ggtagggccc aaaatttgca tttctaacag cttcccactg cttatttgcc 180 

-btiggatgaat gacaatatgg gcattttgat: gctataaaca aatgctgtca ccatagaact 240 

agactttacc tataacctat ttcagccccc ttatttatag tctactttcc catataaaac 300 

taagatttat atataggggt gtttgggggt atgcaaatga atatataaca tacatgcata 360 

cacatatata tacattccct tcatttcttt tatatgtata ggtatatact catagaattt 420 

tgataagata ataaatttta accctttgat tacatatgaa aaatttgagg accagagaaa 480 

ataaatgact ttttcaagat tatattcttt ataatcagta ctggaggcaa agccagaatg 540 
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ctgccatttt aattccaatc tgttattttc 
aattaaaagg gctactggac tgatacacag 
cagcagtttc taattaggtg tggagttgca 
tgttctacca aattactgat actggagaaa 
aaggtttacg gagcggtgat gaacataaat 
ttggattcat ggccggattt caaagctgtt 
gataaccttg atcattatac taatgcctat 
cgacagctat tggaagaatg tgatgttttt 
gggccttccc cacgactaac ctacctgagt 
tggtcccggg gaggcaatga acaatgtctc 
cctagtgtgt gtgtccggga tgagaaggga 
tttgccacca tgtgccatgg ctacaccctg 
ctggtggccc tcacgctggc caggaagttg 
gtcctggatg acaacacggc gtctataagc 
ccttgtcgct tccacaggct tattctcacc 
tagcccagta aaaaactgca gtggttttat 
ctgccaacga ggggagagtt aaaatgggaa 
ctggagaata tatacaggat ccacttgaga 
, cagtaaatag ctgtgggggt gaagagtagc 
ctgtaggatc cactgtagga gaataggttc 
aattactgca tigagaacaaa tgatttaaca 
ctgcttggac ctctgctctg tattcttaaa 
cccctgtccc cactgctatg tctcatcaac 
ctctgtagag taacctcctt' tttccccttt 
tctagcctat agttcactgc cctgggaatg 
tttatcagaa tcacccagag ggcaggttgc 
aggtagggcc caaaatititgc atttctaaca 
tgacaatatg ggcattttga tgctataaac 
ctataaccta tttcagcccc cttatttata 
tatatagggg tgtttggggg tatgcaaatg. 
atacattctc ttcatttctt ttatatgtat 
aataaatttt aaccctttga ttacatatga 
tttttcaaga ttatattctt tataatcagt 
taattccaat ctgttatttt cactaaatca 
ggctactgga ctgatacaca gctgaaaacc 
ctaattaggt gtggagttgc aagagctctg 
aaattactga tactggggaa aatgttgaag 



actaaatcat gtatcctttt ttataatgaa 600 
ctgaaaaccc tcagttctgg actgaactcc 660 
agagctctgg aaaagatgtt ggtgctaaac 720 
atgttgaaga gttgctttcc tgaatctctc 780 
cgtgggaacc cctttcaaaa ggaagtggtg 840 
atcacccgac gacaaagaga ggctgagaca 900 
gctgtgttct acaaggatgt cagggcttat 960 
' aactgggacc aagtttttca aatacaaaag 1020 
gttgccaatg cggatctact caaccggact 1080 
cggtacatcg ccaacctcat ctcctgcttc 1140 
aacccggtct cctggtccat cacagaccag 1200 
ccagaacatc gcaggaaagg ttacagccgg 1260 
caaagccggg gattcccctc tcaggggaac 1320 
ctcctgaaga gtctccatgc tgagttcttg 1380 
cctgcgactt tctctggcct gcctcacctc 1440 
tactttccct gagcatacac acactcttgg 1500 
tcaggggact cttgagttgt tggaaagggt 1560 
agccttaatt tttcgtatct caggtttctc 1620 
tgtggctgaa gactgaggac gattgtcctc 1680 
taaagccagc agttttagtg tactaggaga 1740 
gaggaccacg tggctactgc tttttgattg 1800 
gccacaccgc ttccctactg ccatcatatt 1860 
ctctgttcct aacacctctg ccaccaagtt 1920 
aattacttgc tctttacttc tgcctaggac 1980 
ttcaaatata gtggttctta cattttagtg 2040 
aacacacatc actaggcctc tccttctacg 2100 
gcttcccact gcttatttgc cttggatgaa 2160 
aaatgctgtc accatagaac tagactttac 2220 
gtctactttc ccatataaaa ctaagattta 2280 
aatatataac atatatgcat acacatatat 2340 
aggtatatac tcatagaatt ttgataagat 2400 
aaaattligag gaccagagaa aataaatgac 2460 
actggaggca aagccagaat gctgccattt 2520 
tgtatccttt tttataatga aaattaaaag 2580 
ctcagttctg gactgaactc ccagcagttt 2640 
gaaaagatgt tggtgctaaa ctgttctacc 2700 
agttgctttc ctgaatctc 2749 



24/24 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
Iniernational Bureau 

(43) International Publication Date 
22 August 2002 (22.08.2002) 




PCT 



(10) International Publication Number 

wo 02/064795 A3 



(51) International Patent Classification^: C12N 15/54, 

9/10, AOIK 67/027, C07K 16/40, CI 2Q 1/68, A61K 
38/43. GOIN 33/68, C12Q 1/48, A61K49/00, GOIN 33/53 

(21) International Application Number: PCT/US02/03814 

(22) International Filing Date: 8 Februaiy 2002 (08.02.2002) 



(25) Filing Language: 



(26) Publication Language: 



English 



English 



(30) Priority Data: 

60/268,113 
60/269,215 
60/272,271 
60/274,091 
60/274,423 
60/278,480 
60/278,479 



9 February 2001 (09.02.2001) US 

15 February 2001 (15.02.2001) US 

27 February 2001 (27.02.2001) US 

7 March 2001 (07.03.2001) US 

9 March 2001 (09.03-2001) US 

23 March 2001 (23.03.2001) US 

23 March 2001 (23.03.2001) US 



ID 

ON 
I-- 



(71) Applicant ffbr all designated States except US): DSfCYTE 
GENOMICS, INC. [US/US]; 3160 Porter Drive, Pa]o 
Alto, CA 94304 (US). 

(72) Inventors; and 

(75) Inventors/Applicanjts (for US only); SANJANWALA, 
Madhusudan, M. [US/US]; 210 Silvia Court, Los Altos, 
CA 94024 (US). LU, Van [CN/US]; 3885 Corrina Way, 
Palo Alto, CA 94303 (US). LEE, Ernestine, A. [US/US]; 
624 Kains Street, Albany, CA 94706 (US). HAFALIA, 
April, X, A. [US/US]; 2227 Calle de Primavera, Santa 
Clara, CA 95054 (US). WARREN, Bridget, A. [USAJS]; 
10130 Parkwood Drive #2, Cupertino, CA 95014 (US). 
BAUGHN, Mariah, R. [US/US]; 14244 Santiago Road, 
San Leandro, CA 94577 (US). TANG, Tom, Y. [US/US]; 
4230 Ranwick Court, San Jose, CA 95118 (US). YUE, 
Henry [US/US]; 826 Lois Avenue, Sunnyvale, CA 94087 
(US). YAO, Monique, G. [US/US]; 1 189 Woodgate Drive, 
Carmel. IN 46033 (US). LEE, Sally [US/US]; 825 East 
Evelyn, #425. Sunnyvale, CA 94086 (US). THORN- 
TON, Michael [US/US]; 9 Med way Road, Woodside, 
CA 94062 (US). WALIA, Narinder, K. [US/US]; 890 



Davis Street #205, San Leandro, CA 94577 (US). XU, 
Yuming [US/US]; 1739 Walnut Drive, Mountain View, 
CA 94040 (US). TRAN, Uyen, K. [US/US]; 2638 Mabury 
Square, San Jose, CA 95133 (US). LAL, Preeti, G. 
[IN/US]; P.O. Box 5142, Santa Clara, CA 95056 (US). LU, 
Dyung, Aina, M. [US/US]; 233 Coy Drive, San Jose, CA 
95123 (US). SWARNAKER, Anita [CAAJS]; 8 Locksley 
Avenue, #5D, San Francisco, CA 94122 (US). JONES, 
Karen, Anne [GB/GB]; 2 Castle Court, Saffron Walden, 
Essex CBIO IBH (GB). RING, Huijun, Z. [US/US]; 625 
Orange Avenue, Los Altos, CA 94022 (US). 

(74) Agents: HAMLET COX, Diana et al.; Incyte Genomics, 
Inc., 3 160 Porter Drive, Palo Alto, CA 94304 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB. BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH, 
CM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP. KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, 

zw. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM. GA, GN. GQ. GW, ML. MR, 
NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

15 May 2003 

For two-letter codes and other abbreviations, refer to the ''Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



fS (54) Title: PUTATIVE HUMAN ENZYMES 



(57) Abstract: The invention provides human enzymes (NZMS) and polynucleotides which identify and encode NZMS. The in- 
vention also provides expression vectors, host cells, antibodies, agonists, and antagonists. The invention also provides methods for 
diagnosing, treating, or preventing disorders associated with aberrant expression of NZMS. 



INTERNATIONAL SEARCH REPORT 



lnl^..^<3naJ Application No 

PCT/US 02/03814 



A. CLASSIRCATION OF SUBJECT MATTER 

IPC 7 C12N15/54 C12N9/10 A01K67/027 C07K16/40 



A61K38/43 G01N33/68 C12Q1/48 



A61K49/00 



C12Q1/68 
G01N33/53 



Accordinfl to Inlemailonal Patent CtessBicalion (IPC) or to both national ctassiRcalion and IPC 



B. FIELDS SEARCHED 



Minimum documentation searciied (classHication system foflowed Iw dassincatton symlMls) 

IPC 7 C12N 



Documentation seaiched other than minimum documentation to the extent that such documents are included in the fields seaidied 



Bedronic data base consulted during the international seaich (name of data base and, where practical, search temis used) 



C. POCUMEMTS CONSIDERED TO BE RELEVANT 



Category ' 



Cilatlon of document, «dlh imScallon, where appropriate, of the relevant passages ■ 



Relevant to daim No. 



NAGASE T ET AL: "Prediction of the coding 
sequences of unidentified human genes. 
XII. The complete sequences of 100 new 
cDNA clones from brain which code for 
large proteins in vitro." 
DNA RESEARCH: AN INTERNATIONAL JOURNAL FOR 
RAPID PUBLICATION OF REPORTS ON GENES AND 
GENOMES. JAPAN 31 DEC 1998, 
vol. 5, no. 6, 

31 December 1998 (1998-12-31), pages 
355-364, XP000973120 

ISSN: 1340-2838 
the whole document 
-& DATABASE EBI 'Online! 
EMBL9 February 1999 (1999-02-09) 

"Homo sapiens mRNA for KIAA0828 protein, 
partial cds." 

Database accession no. AB020635.1 
XP002221790 

-/— 



1-56,67 



1-56,67 



I j X| Further documents are listed m the continuation of box C. 



□ 



Patent family menribefs are listed In annex. 



* Spedai categories of died documents : 

*A* document defining the general state of the art which Is not 
considered to be of particular relevance 

' earfier document hut put)Dshed on Of after the intemaUonal 
f9ing date 

document which may throw doubts on priority cla!m(s) or 
which is cded to estab&sh the publication date of another 
dtation or other spedai reason <as specSted) 

'C document referring to an oral disdosure, use, exhibition or 
other means 

'P' document published prior to the International filing date but 
later than the priority dale claimed 



T* later document published after the international filing <iate 
or priority date and not In conflld with the application but 
dted to understand the prindple or theory underlying the 
invention 

•X' document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 
document of particular relevance; the claimed invention 
cannot be considered to invoh^e an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled - 
in the art 

document member of the same patent family 



Date of the actual oonrq>letion of the International search 



26 November 2002 



Date of nnaiGng of the intemaltonal search report 



07.03.P 



Name and maifing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
ML - 2280 HV Rrjswilk 
TeL (+31-70) 340-2040. 1^ 31 651 epo nl, 
Fax: (431-70) 340-3016 



Authorized officer 



Novak, S 



Form PCT/1SA/210 (second sheet) tJuV 1892) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



lntc...»»«nal Application No 

PCT/US 02/03814 



C.<Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category • 


CUation of document, with indication .where appropriate, of the relevant passages 


Relevant to claim No. 




WIIUI C UUV.»Ullldl l« 




X 

A 


DATABASE FBI 'Online' 


1-56,67 




SWALL15 December 1998 (1998-12-15) 






"Putative adenosylhomocysteinase 2" 






UolUcijJaoc; cK.>v.#c;^ o 1 Ull ilU* UHOOXJii 






A r w V/ ^ X / 27 X 






tilc Wf lU 1 UUUUIllcllL 




V 
A 


-SL Un OA I^R^P A ^NART HFRFI^ NTAFI .lOMN^ 






Q Anri1 1 QQA MQQft— OJ— HQ^ 






wno 1 6 uocuincilt 




X 


TURNER M A ET AL: "Structure and function 


1-56,67 




of S-adenosyl homocysteine hydrolase." 






PFI 1 RTnrWFMT^TPY ANR RinPHY^TP^s IIMTTPH 






O 1 M 1 CO ^UUU , 






vol. oo, no. ^uuu , payes lui^i^o. 






ArUUlliyu/o 












tne wno i e aocumenx 




Y 


luunlii ri ti AL: AppiieQ genomics. 


l""DO ,0/ 




integration of the technology within 






pharmaceutical research and development." 






r'llDDCMT AD T KIT AM TM DTATCPUKIAI APV ITMCI ARIH 












vol. 11, no. 0, Decemoer ^uuu v^uuo-i^j. 






n^i-iAc* ^AO £AQ VDAA00017Q0 

pages oUc^ouy, Aruu^^^i/oo 






TCCM- nOCQ 1 AAO 

looN: uybo— looy 






xne wno i e aocumenb 




V 

y 


uflMnv 1. "cuATniM /" crniicMrTMC ^ ijrr\nTMC- 
HANUY U: onUlbUfM v otUULNtllMta ^ WtUUllMb. 






CAN HUMAN GENE PATENTS AND SCIENCE LIVE 




HAPPILY EVER AFTER?" 






DlUI tLnlMULUuT LAW KLrUKI , LXCDCKI, NtW 






1 UI\N , IM « J Uo , 






no. .0, uecemoer ^uuu v^^uuu it^, pageo 












XOolM. U/OU UOIA 






Liie wno 1 e Qocurnen t 




Y 


DEHLINGER P J ET AL: "An Inventor's Guide 


1-56,67 




to Patenting Polynucleotide Inventions" 




BIOTECHNOLOGY LAW REPORT, LIEBERT, NEW 






YORK, NY, US, 






vol. 19, no. 2, 2000, pages 155-163, 






XP000995652 






ISSN: 0730-031X 






the whole document 





Fom PCT/ISA/aiO (eontimiatlon ol aeoond slwat) (July 1982) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



IntemationaJ application No. 
PCT/US 02/03814 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This International Search Report has not been estabfish^d in respect of certain claims under Article 17{2)(a) for the following reasons: 

Ix] Claims Nos.: 19 25 33 35 

because they relate to subfecf matfer ncft required to be searched by this Authority, namely: 

Rule 39.1(1v) PCT - Diagnostic method practised on the human or animal body 



therapy 

Claims Nos.-. 



21 (completely) 



because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be earned out, specificaOy: 

see FURTHER INFORMATION sheet PCT/ISA/210 



3. ClalmsNos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6-4(a), 



Box II Observations where unity of invention is iaciclng (Continuation of item 2 of first sheet) 

This International Searching Authorl^ found multiple inventions In this international application, as follows: 



' I I As all required additional search fees were timely paid by the appllcant-this International Search Report covers all 
■ — ■ searchable claims. 



As all searchable daims could be searched without effort Justifying an adcfif onal fee, this Authority did not Invite payment 



of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the appUcant, this Intennational Search Report 
' — ' covers only those claims fbr which fees were paid, specifically claims Nos.: 



4. |y] No required additional search fees were timely paid by the applicant Consequently, this International Search Report Is 
restricted to the Invention first mentioned in the daims; it is covered bf claims Nos.: 

1-55 (partially), 56, 67 (completely) 



Remark on Protest 



[ I The additional search fees were accompanied by the appficanf s protest 
I I No protest accompanied the payment of additional search fees. 



l=orm PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



International Application No. PCTAlS 02 /)3814 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

1. Claims: 1-55 (partially), 56, 67 (completely) 

Isolated polypeptides characterized by SEQ ID No. 1, 
polynucleotides encoding such polypeptides characterized by 
SEQ ID No. 12, and methods to produce and use such molecules. 



2. Claims: 1-55 (partially), 57, 68 (completely) 

Isolated polypeptides characterized by SEQ ID No. 2, 
polynucleotides encoding such polypeptides characterized by 
SEQ ID No. 13, and methods to produce and use such molecules. 



3. Claims: 1-55 (partially), 58, 69 (completely) 

Isolated polypeptides characterized by SEQ ID No. 3, 
polynucleotides encoding such polypeptides characterized by 
SEQ ID No. 14, and methods to produce and use such molecules. 



4. Claims: 1-55 (partially), 59, 70 (completely) 

Isolated polypeptides characterized by SEQ ID No. 4, 
polynucleotides encoding such polypeptides characterized by 
SEQ ID No. 15, and methods to produce and use such molecules. 



5. Claims: 1-55 (partially), 60, 71 (completely) 

Isolated polypeptides characterized by SEQ 10 No. 5, 
polynucleotides encoding such polypeptides characterized by 
SEQ ID No. 16, and methods to produce and use such molecules. 



6. Claims: 1-55 (partially), 61, 72 (completely) 

Isolated polypeptides characterized by SEQ ID No. 6, 
polynucleotides encoding such polypeptides characterized by 
SEQ ID No. 17, and methods to produce and use such molecules. 



7. Claims: 1-55 (partially), 62, 73 (completely) 

Isolated polypeptides characterized by SEQ ID No. 7, 
polynucleotides encoding such polypeptides characterized by 
SEQ ID No. 18, and methods to produce and use such molecules. 



8. Claims: 1-55 (partially), 63, 74 (completely) 

Isolated polypeptides characterized by SEQ ID No. 8, 
polynucleotides encoding such polypeptides characterized by 
SEQ ID No. 19, and methods to produce and use such molecules. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



9. Claims: 1-55 (partially), 64, 75 (completely) 

Isolated polypeptides characterized by SEQ ID No. 9, 
polynucleotides encoding such polypeptides characterized by 
SEQ ID No. 20, and methods to produce and use such molecules. 



10. Claims: 1-55 (partially), 65, 76 (completely) 

Isolated polypeptides characterized by SEQ ID No. 10, 
polynucleotides encoding such polypeptides characterized by 
SEQ ID No. 21, and methods to produce and use such molecules. 



11. Claims: 1-55 (partially), 66, 77 (completely) 

Isolated polypeptides characterized by SEQ ID No. 11, 
polynucleotides encoding such polypeptides characterized by 
SEQ ID No. 22, and methods to produce and use such molecules. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



Continuation of Box 1.2 
Claims Nos.: 21 (completely) 



Present claim 21 relates to a composition defined by reference to a 
desirable characteristic or property, namely that 1t comprises an agonist 
that has been identified by a particular method. 

The claims cover all compositions having this characteristic or property, 
whereas the application provides no support within the meaning of Article 
6 PCT and/or disclosure within the meaning of Article 5 PCT for such 
compositions. 

In the present case, the claims so lack support, and the application so 
lacks disclosure, that a meaningful search over the whole of the claimed 
scope is impossible. 

Independent of the above reasoning, the claims also lack clarity (Article 
6 PCT). An attempt is, made to define the compound by reference to a 
result to be achieved. Again, this lack of clarity in the present case Is 
such as to render a meaningful search over the whole of the claimed 
scope Impossible. 

Consequently, no search has been carried out for these compositions. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no International 
search report has been established need not be the subject of an 
international prel i mi nary examination (Rule 66.1(e) PCT). The applicant 
Is advised that the EPO policy when acting as an International 
Preliminary Examining Authority Is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case Irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Int — _dnat Application No 

PCT/US 02/03814 



Patent document 
cited in search report 



PulJlicaUon 



latent famiiy 
inemt>er(8) 



Publication 
date 



WO 9814562 



09-04-1998 



AU 
AU 
EP 



744125 B 
4639297 A 
0972015 



JP 2002513276 



NZ 



335546 



US 2002035078 



A 
T 
A 
A 



14-02-2002 
24-04-1998 
19-01-2000 
08-05-2002 
22-12-2000 
21-03-2002 



Foim PCT/ISAAMO (patent famO/ amax) (July i9Se) 



